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An Investigation of Print-Out Paper 


JoHN H. Jacoss, Bell & Howell Research Center, Pasadena, California 


The problem of obtaining rapid access to photographic oscillographic data is outlined. Print- 
out poper has been used for such recording but it normally requires exposure to ambient light 
for about 1 min. Attempts to speed up this ‘‘latensification” process by increasing the light 
intensity only fogged the record. A spectrographic study has shown that, while a broad band 
of radiation may be used for “‘latensification,” a relatively narrow band is responsible for the 
fog. It was found possible to achieve “latensification” in a few seconds with the use of a special 
lamp which does not radiate in the fog band. Practical tests and a theoretical study indi- 
cated that the fog band could be entirely eliminated by operating at an elevated temperature, 
permitting “‘latensification” in under 1 sec, using the more generally available broad spectral 
band lamps. The theoretical beckground is presented and some equipment in which the proc- 


ess is used is briefly described. 


In the effort to obtain permanent oscillograph record- 
ings as quickly as possible after the recording opera- 
tion, extensive use is being made of flash-processing' 
at many dynamic test installations. At other loca- 
tions, either because a completely dry process is de- 
sired, or because it is sometimes necessary to run the 
paper at a speed in excess of the capability of 
presently available flash-processing units, the use of 
print-out paper is preferred. When print-out paper 
is used at high writing speeds, however, the image is 
not immediately available for inspection. It has to 
be exposed to the room lighting, a process which has 
become known as “‘latensification,’”’* for the better 
part of a minute before the trace becomes visible.?:*.* 
Aside from the fact that in some applications one 
minute may be too long a time to have to wait, the 
conditions under which a high writing speed is being 
recorded usually also requires the use of a high paper 
transport speed. Hence it may become necessary to 
expose considerable footages of paper to ambient 
light, and this immediately leads to a handling prob- 
lem. 

If the “latensification’’ process could be speeded up 
by perhaps two orders of magnitude, then the print- 
out system would become a great deal easier and 
more convenient to handle at medium and high paper 
speeds. The present investigation had as its object 
the finding of a faster and more efficient (from the en- 
ergy standpoint) means of “latensifying’’ print-out 
paper. 


Presented at the Annual Conf 
Received 5 July 1960. 


* The word “latensification”’ will be used in quotation marks when it is 
intended to indicate that the process is continued as far as the production 
of a useful visible image. Without quotation marks, latensification of 
course means the reinforcement of a sublatent image so that it becomes de- 
velopable (see text). 


J.H. Jacobs, Phot. Sci. & Eng., 1: 156 (1958). 

H. Stabe, Zeit. wiss. Phot., 48: 19 (1953). 

E. Weyde, ibid., p. 45. 

H. T. Dybvig and T. R. Thompson, Phot. Eng., 5: 127 (1954). 
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Experimental Materials and Procedure 


The first thought that occurs to one in this connec- 
tion is that the process might go faster if more light 
were used. Attempts along these lines only resulted 
in fogging the background so that very little if any 
contrast remained between this and the trace. A 
more basic study, using a spectrograph, was then 
undertaken. A Bausch & Lomb 1.5-m instrument 
was available, covering the band 2200 A-6200 A and 
operating at f{/24. A film carrier constructed to take 
35mm film is located in its focal plane. A lamp giv- 
ing approximately “white” radiation, a Hanovia 
150-w high-pressure xenon arc, was the principal 
light source used. No correction was made for the 
variation of radiated energy of this lamp with wave- 
length, so results were qualitative only. However, 
these results turned out to be exceedingly useful in 
showing the direction for further efforts. Strips of 
print-out materialf 35 mm wide by about 270 mm 
long were wrapped around a rotating drum in a 
breadboard oscillograph and exposed to a gal- 
vanometer beam modulated by a sine wave such that 
the maximum writing speed recorded was about 1200 
cm/sec. One of these strips was then put in the fo- 
cal plane of the spectrograph and exposed to the dis- 
persed radiation from the xenon lamp. The strip, 
of course, had no visible trace on it to start with, only 
a latent image. 


Experimental Results 


Figure 1 shows in schematic form the result of 
from 2 to 5-min exposure of the recorded strip in the 
spectrograph. This print-out material is apparently 


tT The spectrographic results given here and the subsequent remarks about 
‘latensification’”’ by selective radiation refer to an experimental print-out 
material. The commercial “Dataflash” process using heat is applicable 
to Eastman Linagraph Direct Print Paper and to DuPont LinoWrit 5 
paper. 
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Fig. 1. Schematic diagram showing spectral “latensification” sensi- 
tivity of print-out paper and the wavelength band in which fog is formed. 


sensitive to “latensification’”’ over a broad band. 
However, in a relatively narrow band there is very 
little selective action as between the trace and the 
background, leading to a fogging effect. We see that 
this band corresponds with the basic region of sensi- 
tivity of a silver halide material. In this band, new 
latent image is evidently being formed, whereas out 
on each side only “‘latensification”’ is taking place. 
From this and similar results obtained with other 
print-out materials, it appeared that if a lamp could 
be found which did not radiate in the fog band, but 
which radiated only in the “latensification’”’ bands on 
either side, then a higher light intensity might be 
used, with an ensuing reduction in the time required 


to bring up the image. Figure 2 shows the radiation 
FOG 
-3076 
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Fiz. 2. The spectral “latensification” sensitivity of print-out paper 
shown with the radiation lines from a zinc lamp. 


from such a source, a low-pressure discharge tube 
containing only zinc and a small amount of a starter 
gas such as argon. ‘The sensitivity curve of the 
print-out paper is again shown in this diagram in or- 
der to indicate how well this lamp fits the require- 
ments. When print-out paper is held against the 
outer quartz envelope of this lamp, it is “latensified”’ 
in two or three seconds. Probably the fact that the 
envelope is at a temperature of perhaps 60°C helps 
with this rapid result, as an increase in temperature 
would be expected to accelerate ionic movement 
within and on the surface of the emulsion grains. 
The zinc lamp is the best one for this application 
known to the author, and indeed it corresponds so 
well to the requirements that it is almost as if it were 
a key which unlocks the recorded latent image with- 
out fogging the background. 

It was realized that such zinc lamps, together with 
their associated power supplies, of the wattages re- 
quired to operate in a recording oscillograph would be 
expensive; although a corresponding effect might be 
obtained with filters and a more easily available 
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lamp, this latter approach posed a number of other 
problems. Accordingly, attention was next directed 
towards eliminating, rather than avoiding, the fog 
band. In the past, workers in the field of latent- 
image theory have considered that at least one of the 
stages in the formation of a latent image consists of a 
center or aggregation which has a short lifetime. 
The practical effect of this is that, if the center does 
not grow at a certain minimum rate, it will dissociate 
again and the formation of latent image will in fact 
stop. This argument has been used to explain low- 
intensity reciprocity law failure.» Now a “latensi- 
fiable” print-out material may be thought of as ex- 
hibiting a very pronounced low-intensity reciprocity 
law failure during the “‘latensification” phase. Back- 
ground fog is only formed if the light intensity is 
raised to a level sufficiently high that the unstable 
latent-image centers begin to grow before they dis- 
sociate or if, in other words, the conditions are such 
that new latent image will form. It seems reasonable 
to suppose that, if the temperature of the material 
were raised, then the average lifetime of the unstable 
phase of the latent image centers will decrease, with a 
consequent increase in the permissible light intensity 
before fog formation becomes noticeable. 

If print-out paper is accordingly latensified in the 
focal plane of the spectrograph just as in the experi- 
ment of Fig. 1, but this time with the film carrier 
maintained at about 70°C during the latensification 
exposure, the expected suppression of the fog band 
takes place. This effect may be demonstrated quite 
dramatically if the print-out paper emerging from the 
exposure station of an oscillograph is run over a hot 
platen, which may conveniently be that of a Data- 
rite*! magazine processor, at about 130°C. This is 
considerably higher than the temperature required 
to inhibit latent-image formation, but it is necessary 
to ensure that the emulsion reaches a suitable tem- 
perature while the paper is moving rather rapidly, 
and the time during which the paper is in contact 
with the platen is very much shorter than that re- 
quired for the attainment of thermal equilibrium. A 
desk light containing two 15-w fluorescent tubes is 
held a few inches away from the paper. The image 
of a high-speed trace appears in about one second. 
Figure 3 shows a “‘latensification’”’ cover which has 
been designed for attachment to the Datarite maga- 
zine. It contains five 8-w fluorescent tubes and 
gives results similar to the experiment just described. 

Fluorescent lamps are commercially available in 
many varieties. Tests were run to find which of 
these lamps produced the most efficient ‘‘latensi- 
fication.”” The results correlated quite well with 
the earlier findings with the spectrograph. Exact 
correlation would not be expected because the light 
intensity used to obtain “‘latensification” in about 
one second is quite different from the intensity 
available in the {/24 spectrograph, where the process 
took a matter of minutes. In the ultraviolet, blue 
and green region, there was a slight variation of 


5. J.H. Webb,J. Opt. Soc. Am., 40: 3 (1950). 
* Registered trade mark, Consolidated Electrodynamics Corporation. 
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Fig. 3. “Dataflash” cover attached to “Datarite’ magazine on Type 

5-119V oscillograph. 


“Jatensification” efficiency. The best lamps by a 
very narrow margin were found to be those known 
as “blacklight blue,’”’* which radiate in the near 
ultraviolet and part of the blue. After the green, 
efficiency fell off very rapidly. Yellow fluorescent 
lamps gave results which were considerably slower; 
in fact, they were found to have no application in 
cases where very rapid results were required. 

The “latensification” cover shown in Figure 3 
contains four 8-w “blacklight blue’ lamps, two 
vertically disposed on each side of the viewing 
window, and one white fluorescent lamp illuminating 
the paper on the platen from above. This is ade- 
quate light for viewing. The use of five white 
fluorescent lamps produces a latensification effect 
little different from the ‘‘blacklight blue” lamps, but 
the glare is such that viewing is difficult in normal 
room light. 

Figure 4 shows the type 5-123 oscillograph that 
has been specially designed to take advantage of 
the rapid latensification (Dataflash+) process. The 
instrument is of modular design so that components 
may be interchanged for varying operational re- 
quirements. ‘The record may be rewound internally 
on a take-up spool, or it may be made to emerge 
from an exit slot for immediate examination (see 
Fig. 5). As with the instrument shown in Fig. 3, 
up to 50 channels of information may be recorded 
simultaneously. The Dataflash unit of the 5-123, 
which operates up to 40 in./sec, comprises a hot 
platen and two 15-w fluorescent lamps which may 
be moved vertically to give optimum “‘atensifica- 
tion” at varying chart speeds. Full “latensifica- 
tion’”’ is obtained up to a paper speed of about 16 
in./sec, corresponding to a “‘latensification’” time 
of just under one second. At higher paper speeds, 


* Sylvania Electric Products, Inc. 
+ Registered trade mark, Consolidated Electrodynamics Corporation. 


AN INVESTIGATION OF PRINT-OUT PAPER 


Fig. 4. Type 5-123 oscillograph with “Dataflash" unit for rapid 
“latensification." 
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Fig. 5. Schematic diagram of the Type 5-123 oscillograph, showing the 
path of the paper through the instrument. 
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the “latensification” is carried far enough that, by 
the time the record, having emerged from the exit 
slot, can be picked up, the image is visible. Records 
produced by the Dataflash process have a noticeably 
better trace definition and contrast than those made 
by normai “latensification.”” In addition, tests on 
the fading characteristics of the two kinds of records 
have shown that permanence is very considerably 
enhanced by the Dataflash treatment. 
Discussion 

The key to the inhibition of latent-image formation 
evidently lies in the short lifetime of one stage in 
this process at room temperature. At elevated 
temperatures, this stage either never appears at all 
or forms for only very short periods. Hence, forma- 
tion of the latent image would be inhibited at this 
critical stage in its life by elevated temperatures. 

Now let us consider in more detail what has been 
happening, during both the initial recording ex- 
posure and the subsequent “‘latensification.”” Dur- 
ing the initial exposure, which is of the short-time 
high-intensity type, a relatively large number of 
the smaller centers are formed. Since the smallest 
centers of all are not stable, the only centers remain- 
ing after the exposure is terminated will be those 
that are larger than this minimum size. These 
stable image centers are not themselves developable, 
but if a supply of electron-hole pairs is generated 
by means of a second exposure, then they may 
collect additional silver atoms and so grow to a 
size at which they are capable of development. This 
is the true latensification process, as opposed to the 
colloquial use of the same term to denote both this 
process and the development by light of the de- 
velopable centers so formed. Of course, the two 
processes go on to some extent side by side as the 
image becomes visible. The classical way in which 
to effect latensification is to expose the material 
to a weak light for a relatively long time. This will 
generate the necessary electron-hole pairs, but they 
are not generated so fast that any unstable centers 
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formed are converted to the larger stable centers 
before they dissociate. Hence, with weak light no 
new latent image is formed, but sublatent image 
which already existed is reinforced and made de- 
velopable. It maybe noted here that this explana- 
tion of the “latensification’”’ process, as far as it 
goes, differs from that offered by Dybvig and 
Thompson,‘ in that their explanation involves the 
redistribution of the latent-image silver by a mech- 
anism similar to that of the Herschel effect. Such 
a mechanism would seem to be impossible under 
the conditions used by the present author in which 
the formation of new latent image centers is in- 
hibited. However, there is not necessarily a con- 
flict in this situation, because both the materials 
used and the conditions of exposure were quite 
different in the two cases. 

When one uses low-light intensity for ‘‘laten- 
sification” in order to prevent background fog, 
the process is inherently slow.. But it may readily 
be seen that, as the lifetimes of the unstable centers 
are made to decrease by raising the temperature, 
the permissible rate of arrival of quanta is corre- 
spondingly raised. The reasons for some of the 
other effects observed, as, for example, the effect 
of rapid “‘latensification” on the trace quality and 
permanence, and the fact that the “latensification”’ 
sensitivity band is very much broader than the 
fundamental sensitivity band of the material as 
evidenced by the fog band, are far from being under- 
stood. It may be concluded, however, that print- 
out recording paper has some very useful but 
hitherto unsuspected characteristics. 
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Color of Colloidal Silver Sols in Gelatin 


E. KLEIN AND H. J. METZ, Scientific- Photographic Laboratory, Agfa AG, Leverkusen, West Germany 


Nearly spherical silver particles of uniform size can be produced by physical development of 
silver halide emulsions to which varying quantities of a silver-nuclei emulsion have been added. 
The mean diameter of such silver particles is governed only by the ratio of the silver halide to 
the nuclei emulsions; it is independent of particle size and type of silver halide. The absorption 
curves of silver particles in solid gelatin (n’ = 1.5) and in water (n = 1.33) were measured in 
the range of particle diameters of 20 to 180 my. The theoretical values of absorption and 
scatter of spherical silver particles in a surrounding medium of refractive index n’ = 1.5 (solid 
gelatin) were computed by using Schulz's recently determined optical constants for pure silver 
and Mie’s fundamental equations. Comparison of the experimentally determined absorption 
curves and those computed in accordance with theory reveals satisfactory, qualitative agree- 


ment. A few experiments indicate that physically developed silver possesses somewhat 
different optical constants depending on development conditions. 


Earlier investigations! of the morphology of de- 
veloped silver have shown that exposed silver bro- 
mide grains of a normal photographic emulsion can 
be completely developed in a solution phase when 
suitable developing conditions are provided. The 
end products of such “physical development” are 
compact silver crystals without preferred orienta- 
tion which grow from the nuclei originally present. 
James calls this development mechanism “solution 
physical development.”’ With it, James and Van- 
selow” investigated the rate of solution of silver 
halide grains in photographic layers when various 
solvents are employed. They added small amounts 
of Carey-Lea silver-sol to the emulsion in order to 
provide the nuclei required for physical development; 
by this method they achieved an even distribution 
of a selected number of nuclei throughout the layer, 
a rare achievement when exposure is used as a means 
of forming the nuclei (it can possibly be achieved 
by x-ray exposure). 

Very small Ag particles (d “~ 15 my) in gelatin 
can be obtained also by subjecting a silver chloride 
emulsion to the reducing action of hydrazine. 
These particles are also suitable nuclei for physical 


development. We used such emulsions in some new - 


investigations of physical development. These 
emulsions were obtained by mixing various quan- 
tities of silver nuclei emulsions with normal emul- 
sions. Pure physical development of these layers 
yielded round (octahedral-shaped) compact silver 
particles of nearly identical size. The mean di- 
ameter of these particles depends on the ratio of the 
silver halide emulsion to the nuclei emulsion and 


Presented at the Annual Conf , Santa Monica, California, 12 May 
1960. Received 9 May 1960. 


1. a. E. Klein, Z. Elektrochem., 62: 505 (1958). 
b. Ibid., p. 870. 
2. T. H. James and W. Vanselow, Phot. Eng., 7: 90 (1956); Phot. Sci. 
and Eng., 1: 104 (1958). 


can be varied within the range from 20 to 250 mu. 

The developed layers display a wide variety of 
colors by reflected and transmitted light, depending 
on the size of their Ag particles, a phenomenon Which 
was observed by others, working with aqueous sil- 
ver sols. It was the purpose of the present investiga- 
tion to determine how well Mie’s theory’ of the 
color of metal sols would explain the colors of our 
developed layers. 


Theory 


Discussion of Results of Previous Studies 


About 50 years ago, Mie published a fundamental 
theoretical paper*® in which he computed the de- 
pendence of the absorption and scattering of spher- 
ical metal particles on the particle diameter, wave- 
length of the incident light, refractive index of the 
surrounding medium, and optical constants of the 
compact metal. Mie also derived the absorption 
and scattering values of colloidal gold solutions on 
the basis of his theory. Experimental results ob- 
tained with gold sols by Steubing and by Jobst‘ con- 
firmed this theory. 

Mueller® used Mie’s formulas and the optical con- 
stants determined by Hagen and Rubens‘ for com- 
pact silver to compute the theoretical values of 
Rayleigh scattering (first partial electric wave) of 
Ag particles in an aqueous solution. Gans’ ex- 
tended this theory by applying Mie’s computations 
for spherical particles to those of ellipsoidal shape. 
He found theoretically that the absorption curves 
of silver and gold sols depend greatly on grain shape. 
Finally, Feick® in 1925 completed Mueller’s com- 


. Mie, Ann. Physik, 25: 377 (1908). 

Jobst, Ann. Physik, 76: 863 (1925). 

Mueller, Ann. Physik, 35: 500 (1911). 

Hagen and H. Rubens, Ann. Physik, 8: 1, 432 (1902). 

Gans, Ann. Physik, 47: 270 (1915); Ann. Physik, 37: 881 (1912). 
Feick, Ann. Physik, 77: 673 (1925). 
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putations on spherical particles and applied them 
to silver particles by using the constants of Hagen 
and Rubens. However, Feick did not obtain good 
correlation with experimental results. 

Schaum and Lang? also carried out some exper- 
imental work. Following a formula published by 
Liippo-Cramer, they prepared a highly dispersed 
silver sol in which the particles were systematically 
enlarged by means of physical development in a 
gelatin solution. This treatment changed the color 
of the sol as seen by transmitted light from yellow 
to yellow-orange, orange, orange-red, red-violet, 
blue-violet, and blue-green. Approximately the 
same color change was observed with our physically 
developed layers as the diameter of the silver par- 
ticles increased. Previous workers could not ex- 
amine their particles in the electron microscope and, 
therefore, no statements could be made about the 
size and shape of particles in sols. As a result, 
comparisons with Mie’s theory were limited to es- 
tablishing a qualitative correspondence. 

The studies cited above were made several dec- 
ades ago, but one investigation was carried out re- 
cently (1954) by Wiegel.” This is of interest be- 
cause he was the first to check quantitatively the 
correlation between the measured absorption curves 
of silver sols and the values computed by Mie’s 
theory. Wiegel bases his work on the data com- 
puted by Mueller and Feick. The differences be- 
tween theoretical and practical values that he cites 
are considerable. Electron micrographs reveal that 
some of the silver particles are platelike and that their 
size is nonuniform. Wiegel considers this as a pos- 
sible explanation for the observed deviations from 
values computed for spherical particles according 
to Mie’s theory. 

Fishman,'' in his extensive up-to-date bibliog- 
raphy on light-scattering colloidal systems, in- 
cludes references to the work of authors from India 
who have examined light scattering by silver sols, 


9. K. Schaum and H. Lang, Kolloid Zeits., 28: 243 (1921). 


10. E. Wiegel, Z. Physik, 136: 642 (1954). 
11. M. Fishman, Tech. Service 


Laboratories, River Edge, N.J., 1957. 


Electron micrographs of physically developed silver particles. (a) d = 60 my; (b) d = 100 my; (c) d = 140 mu; (d) d = 180 mz. 
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primarily by investigating the state of polariza- 
tion of the scattered light; this provides indications 
that the sols contain nonspherical silver particles. 

To our knowledge, however, no investigations have 
been made in which the silver sols have been pre- 
pared to contain truly spherical particles of equal 
size and known diameter. Such sols should be 
eminently suited to the testing of Mie’s theory. 
Electron micrographs of our developed silver par- 
ticles (Fig. 1) show that they fulfill these prescribed 
conditions to a good approximation. We could hope, 
therefore, to check quantitatively the validity of 
Mie’s theory with respect to silver sols by comparing 
our measured absorption curves with those computed 
according to Mie for comparable particle sizes. 
Good correlation between the two would also per- 
mit a complete theoretical interpretation of the 
color characteristics of our layers. 


Computation of Light Absorption and Scatter by Silver 
Particles in Gelatin 


The scatter from a small metal sphere located in 
the field of an electromagnetic wave consists, ac- 
cording to Mie, of a finite number of partial elec- 
tric and magnetic waves. In the case of sufficiently 
small particles, this consists essentially of the first 
partial electric waves, which are identical with 
Rayleigh scattering. However, second partial elec- 
tric and first partial magnetic waves must be con- 
sidered also in the case of larger particles that exist 
in silver sols whose particles range in size from 20 
to 180 mu. The contributions to absorption and 
scatter made by various partial electrical and 
magnetic waves are fixed by complex wavelength- 
dependent factors a:, a@....., Di, P2.... These 
are used to determine by a simple procedure values 
of absorption and scatter coefficients as a function 
of wavelength for individual particle diameters. 

(It should be noted that the term “absorption” 
is used here in the sense of Mie and denotes the 
total light loss suffered by a parallel beam in its 
travel through the layer.) Thus the loss of light 
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K-10 Fig. 2 (left). Values of the absorption co- [cm-'] 
40+ f efficients of pure silver in a surrounding 
medium having a refractive index of n’ = 30 : A : 2 
1.5, as computed for various particle sizes . bsorptionskoeffizient 
35+ Absorptionskoeffizient (diameters given on the curves) by means £0 mp K=K (r) 
K=K(d) of Schulz's optical constants. 25 4 
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that traverses the layer in a straight line results from 
scatter and absorption. 
According to Mie we get for: 
total absorption coefficient 
67 


K = -Im(—a; + pi) 


scatter coefficient 


K’ = + + |pil*) 


where \’ = x and n’ is the refractive index of the 


surrounding medium, a depends on the particle 
radius p according to the equation a = J and 
I» signifies that only the imaginary part of the com- 
plex numbers inclosed in the parentheses is taken. 

The computations carried out by Mueller’ and 
Feick® at the turn of the century were based on 
optical constants of silver measured by Hagen and 
Rubens.’ A comparison of their values with those 
obtained by Schulz,'? who used more modern meth- 
ods (see Table I), reveals considerable differences. 
Moreover, the results of the early authors were de- 
rived for aqueous solutions having a refractive index 
of 1.33, whereas our silver particles are imbedded 
in solid gelatin of refractive index n’ = 1.5. It 
seemed adequate, therefore, to adopt the original 
formulas of Mie* and to compute the scatter and 
absorption values of the silver particles by using the 
new optical constants of silver and the refractive 
index of gelatin, n’ = 1.5. The curves relating 
absorption and wavelength, as determined by 
Feick,* show that the curve shape is not sufficiently 


12. L. G. Schulz, Advances in Physics, 102 (1957). 


Fig. 3 (right). Values of the absorption co- 25 4 140 

efficients of pure silver in a surrounding 

medium having a refractive index of n = ——S; 

1.33, as computed by means of Hagen's 0 

and Ruben's optical constants. 400 86500 600 700 [mp] — 


well fixed by establishing only four points within 
the visible spectrum. For this reason, we computed 
values for eight different wavelengths. , 
Tables II-VI give the values of ai, a; and p; in 
relation to a? for various wavelengths; also given 
are the final values of K and K’ in relation to wave- 
length for different particle diameters. 
. The values of K from Table 5 are shown graph- 
ically in Fig. 2. K-values computed by Feick,* us- 
ing Hagen’s and Ruben’s constants and n = 1.33, 
are shown for comparison in Fig. 3. Figures 2 and 
3 are not directly comparable because of the dif- 
ferent refractive indices of the surrounding media. 
For a first approximation of n to n’, one can mul- 
tiply the abscissa values by the factor n’/n. Such 
transformation of one representation into the other 
yields a rough match. A closer match should not be 


TABLE |. Optical Constants of Silver According to 
L. G. Schulz! 


Listed in each of the rows are the wavelength i, the 
corresponding real component n, and virtual component k 
of the complex refractive index m = n — ik. The values 
shown in parentheses are those of Hagen and Rubens on 
which earlier computations have been based. Partic- 
ularly noteworthy are the appreciable differences in the 
values of n, which are 3 to 4 times larger according to 
Hagen and Rubens than according to Schulz. 


n k 
400 0.075 (0.205) 1.93 (2.00) 
450 0.065 (0.221) 2.42 (2.65) 
500 0.050 (0.254) 2.87 (3.23) 
550 0.055 (0.299) 3.32 (3.78) 
600 0.060 (0.343) 3.75 (4.32) 
650 0.070 (0.393) 4.20 (4.88) 
700 0.075 (0.416) 4.62 (5.37) 
750 0.080 (0.440) 5.05 (5.88) 
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TABLE Il. Values of the Coefficient a; (first electric partial wave) 
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a? = 400 = 450 mz = 500 my = 550 mz 
0.05 —5.428 — i1.547 6.930 —i 2.202 3.108 — i0.374 1.819 — i0.076 
0.1 —4.351 — i1.363 8.121 — i 5.128 3.461 — i0.521 2.000 — i0.160 
0.2 —3.076 — 11.250 2.338 — 110.073 4.044 — 11.446 2.661 — 10.550 
0.3 —2.305 — 11.089 —1.411 —i 6.448 3.867 — i3.117 2.775 — i1.200 
0.4 —1.846 — 11.018 —2.009 —i 3.793 2.177 — 14.184 2.601 — 11.940 
0.6 —1.245 — 10.838 —1.345 —i 1.736 —0.031 — 13.021 1.188 — i2.489 
0.8 —0.889 — 10.750 —0.827 —i 1.375 —0.472 — i1.932 0.317 — 11.944 
1.0 —0.680 — 10.666 —0.558 —i 1.066 —0.295 — 11.387 0.066 — 11.456 
2.2 —0.518 — i0.600 —0.400 —i 0.875 —0.222 — i1.062 0.002 —i1.113 
1.4 —0.416 — 10.551 —0.286 —i 0.705 —0.155 — 10.858 —0.001 — i0.888 
1.6 —0.324 —i0.491 —0.212 —i 0.615 —0.105 — 10.711 0.009 — i0.729 
1.8 —0.251 — 10.453 —0.156 —i 0.532 —0.067 — 10.603 0.020 — i0.610 
2.0 —0.199 — 10.399 —0.119 —i 0.469 —0.035 — 10.519 0.034 — 10.520 
ee —0.151 — i0.389 —0.069 —i 0.422 —0.005 — 10.460 0.052 — i0.456 
2.4 —0.117 — i0.348 —0.047 —i 0.367 0.007 — i0.396 0.059 — 10.387 
2.6 —0.087 — i0.322 —0.024 —i 0.329 0.024 — i0.352 0.064 — 10.340 
2.8 —0.065 — i0.293 —0.007 —i 0.293 0.033 — i0.310 . 0.066 — 10.300 
3.0 —0.041 — i0.272 0.011 —i 0.272 0.049 — 10.283 0.074 — i0.277 

a? A = 600 mz \ = 650 mu A = 700 mu A = 750 mu 
0.05 1.805 — 10.0616 1.590 — 10.0445 1.465 — 10.033 1.377 — i0.029 
0.1 1.912 — i0.119 1.670 — i0.0876 1.533 — i0.069 1.433 — 10.058 
0.2 2.117 — i0.330 1.871 — i0.244 1.659 — 10.192 1.544 — 10.163 
0.3 2.270 — i0.684 1.946 — 10.484 1.785 — i0.392 1.634 — 10.325 
0.4 2.237 — i1.153 1.963 — 10.813 1.808 — 10.655 1.643 — 10.530 
0.6 1.516 — i1.841 1.543 — 11.401 1.509 — i1.149 1.449 — 10.977 
0.8 0.698 — i1.727 0.895 — 11.484 0.971 — 11.308 1.008 — 11.164 
1.0 0.326 — i1.384 0.492 — i1.277 0.580 — 11.184 0.649 — 11.086 
a 0.169 — i1.092 0.294 — i1.036 0.369 — 10.980 0.426 — i0.927 
1.4 0.117 — i0.876 0.204 — 10.843 0.263 — 10.808 0.306 — 10.767 
1.6 0.092 — i0.718 0.159 — 10.694 0.143 — i0.678 0.240 — 10.643 
1.8 0.086 — 10.598 0.135 — 10.581 0.169 — 10.562 0.199 — 10.535 
2.0 0.084 — 10.509 0.123 — i0.493 0.152 — 10.475 
2.3 0.094 — i0.443 0.125 — i0.426 
2.4 0.086 — 10.383 0.112 — i0.363 
2.6 0.089 — 10.330 0.111 — 10.316 
2.8 0.089 — i0.288 0.106 — i0.274 
3.0 0.097 — i0.260 0.111 — i0.244 

TABLE Ill. Values of the Coefficient a, (second electric partial wave) 

a? A = 400 mz A = 450 mu A = 500 mu > = 550 mu 
0.5 —0.420 — 10.435 

1.0 —0.444 — i0.290 0.445 — 10.199 0.244 — 10.035 0.180 — 10.018 

1.5 —0.361 — 10.205 0.295 — i0.896 0.426 — 10.198 0.300 — i0.084 

1.7 —0.332 — 10.191 0.138 — 10.894 0.465 — 10.323 0.351 — 10.123 

2.0 —0.294 — i0.178 —0.240 — 10.660 0.362 — 10.560 0.404 — i0.216 

—0.272 —i0.171 —0.278 — i0.540 0.215 — 10.678 0.395 — i0.296 

2.5 —0.245 — 10.168 —0.245 — 10.422 0.045 — 10.585 0.266 — 10.442 

3.0 —0.205 — i0.164 —0.198 — i0.320 —0.070 — 10.446 0.097 — 10.441 

a? A = 600 mz >A = 650 mu A = 700 mu > = 750 mu 

1.0 0.145 —i0.011 0.130 — 10.008 0.120 — i0.007 0.113 — 10.006 

1.5 0.243 — 10.050 0.210 — 10.038 0.190 — 10.030 0.169 — 10.026 

Ge 0.278 — i0.071 0.244 — 10.063 0.220 — 10.050 0.197 — i0.042 
2.0 0.325 — i0.124 0.284 — i0.112 0.255 — i0.089 0.240 — i0.076 
2.2 0.337 — 10.184 0.300 — 10.144 0.272 — i0.120 0.259 — i0.096 

2.5 0.301 — i0.306 0.291 — i0.223 0.275 — i0.179 0.265 — i0.147 
3.0 0.186 — i0.370 0.222 — 10.302 0.232 — 10.250 0.232 —i0.215 
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TABLE IV. Values of the Coefficient p, (first magnetic partial wave) 


a? A = 400 mz 


= 450 mz = 500 mz = 550 mu 

0.5 0.0355 + 10.0018 0.0460 + 10.0018 0.0574 + 10.0019 0.0685 + 10.0025 

1.0 0.0580 + 10.0044 0.0725 + 10.0055 0.0865 + 10.0065 0.1000 + 70.0083 

1.2 0.0645 + 10.0060 0.0790 + 10.0074 0.0930 + 10.0089 0.1060 + 70.0113 

1.5 0.0717 + 10.0087 0.0855 + 10.0113 0.0990 + 70.0132 0.1210 + 10.0167 

2.0 0.0778 + 10.0133 0.0905 + 10.0180 0.1030 + 10.0220 0.1235 + 10.0265 

2:3 0.0786 + 10.0160 0.0910 + 10.0206 0.1035 + 10.0254 0.1225 + 10.0302 

2.5 0.0786 + 10.0195 0.0900 + 10.0250 0.1014 + 10.030 0.1180 + 70.0351 

3.0 0.0790 + 10.0274 0.0880 + 10.0354 0.0975 + 10.040 0.103 + 10.0459 

a? = 600 mu = 650 my = 700 mz = 750 mu 

0.5 0.080 + 10.0031 0.092 + 10.0038 0.103 + 10.0043 0.115 + 10.0050 

1.0 0.112 + 20.0100 0.124 + 10.0123 0.135 + 10.0136 0.144 + 10.0154 

ee 0.118 + 10.0137 0.123 + 10.0168 0.139 + 10.0183 0.147 + 10.0204 

1.5 0.122 + 10.0200 0.132 + 10.0234 0.140 + 10.0260 0.147 + 10.0284 

2.0 0.122 + 10.0310 0.128 + 10.0343 0.134 + 10.0372 0.138 + 10.0392 

3.2 0.120 + 10.0347 0.125 + 10.0384 0.130 + 10.0410 0.134 + 10.0430 

2.5 0.114 + 10.0396 0.119 + 10.0435 0.124 + 10.0466 0.127 + 10.0494 

3.0 0.112 + 10.0523 0.111 + 10.0545 0.116 + 70.0588 0.117 + 10.0640 

TABLE V. Values of the Absorption Coefficient (computed according to Mie with values a1, a2, p:) 
K-10~-* [em~'] 

d [my] d = 40 mz 60 mz 80 mz 100 mz 120 mu 140 mz 160 my 
400 1.30 0.96 0.75 0.552 0.436 0.345 0.284° 
450 6.354 2.291 0.988 0.835 0.994 0.665 0.428 
500 0.459 2.067 1.942 0.962 0.627 0.414 0.640 
550 0.105 0.472 1.289 1.106 0.701 0.485 0.387 
600 0.052 0.188 0.541 0.876 0.749 0.521 0.380 
650 0.026 0.095 0.267 0.518 0.648 0.543 0:392 
700 0.016 0.056 0.153 0.322 0.495 0.514 0.460 
750 0.011 0.034 0.096 0.199 0.352 0.445 0.418 


expected since the silver constants are different and 
since the transformation is only approximate; it 
cannot be made exact by any other simple proce- 
dure (see Ref. 4). 


Experiments 


Experimental Procedures 


Our physical developments were carried out on pure 
AgBr and AgCl emulsions which had been prepared 
without special additions. The necessary developing 
nuclei were obtained from AgCl emulsions by reduction 
with hydrazine. The silver content of the silver halide 
and nuclei emulsions was determined exactly, and the 
size of the silver nuclei (nuclei emulsion) measured on 
electron micrographs of particles that had been produced 
in atest development. We were able to produce particles 
of nearly uniform and desired size within the range of 20 
to 250 mz through selection of suitable ratios of nuclei to 
silver halide emulsions and subsequent physical develop- 
ment. We tried two different methods of development: 

a. The nuclei emulsion and silver halide emulsion 

were mixed in the desired proportions and were 
coated on glass plates after they had been diluted 
with gelatin to a silver content of about 8 x 10~¢ 
grams Ag/cc of emulsion. These plates were de- 
veloped physically in a Metol-thiocyanate-sulfite 
developer.’ 


b. The nuclei and silver halide emulsions were mixed, 
diluted if required, and warmed to 40°C; then the 
developer solution containing 8% gelatin was 
added slowly, with constant stirring. Stirring was 
continued for 15 min after addition of the developer 
was completed. Thereafter the developed emulsion 
was solidified. Subsequent dilution with gelatin 
yielded the final concentration suitable for coating 
on glass plates. Washing of the coated plates 
could be used to remove the developer salts; how- 
ever, these salts had no effect on the optical proper- 


TABLE Vi. Values of the Scatter Coefficient K’ (com- 
puted according to Mie with the coefficients a1, a2, p:) 
K-10~ [em~] 

r d = 40 60 80 100 120 140 
[mu] my my mu my mu 
400 0.460 0.556 0.847 0.467 0.452 0.376 
450 4.020 1.780 0.865 0.724 0.850 0.616 
500 0.305 1.545 1.863 0.942 0.589 0.305 
550 0.066 0.397 1.185 1.082 0.673 0.452 
600 0.0386 0.162 0.495 0.805 0.722 0.502 
650 0.019 0.083 0.2438 0.499 0.617 0.535 
700 =6—0.011 0.046 0.1386 0.319 0.496 0.504 

750 0.008 0.029 0.084 0.186 0.336 0.436_ 
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Fig. 4. Absorption curves of physically developed layers having dif- 
ferent particle sizes. Refractive index of the surrounding medium n’ = 
1.5. Silver from silver chloride, coating weight 0.08 gram Ag/sq m. 


ties of the layer and the last washing step was 
omitted in most experiments. 


Development of a layer on a plate can result in uneven 
developing conditions for nuclei located at different layer 
depths. Moreover, the experiments showed that a 
portion of the dissolved silver halide complexes diffuse 
from the layer into the developing solution in this type of 
development and are lost for the development process 
within the layer, especially for layers having a low silver 
coating weight or low nuclei concentration. 

The silver halide which diffuses from the layer in this 
fashion is reduced spontaneously in the developing solu- 
tion and is deposited on the layer as a fine silver scum 
which can be wiped off. 

The second method of development does not suffer 
from these disadvantages. It provides equal developing 
conditions for all particles and one can be sure that all 
silver halide is reduced on the available nuclei. There- 
fore, the final experiments were carried out exclusively 
by means of the liquid development method which also 
proved to be superior in terms of practical working pro- 
cedures. 


Results 


The transmission r' of the coated layers was 
measured with collimated light as a function of 
wavelength. The typical shape of a series of such 
curves is shown in Fig. 4 where the absorption 
a = 1 has been plotted. 

These curves have a single maximum in the case 
of small particles with a diameter up to about d = 
80 mu. The maximum flattens out and shifts to 
longer wavelengths as the particle diameter in- 
creases. The transmission color of the layer changes 
correspondingly from yellow to orange, orange to 
red, and red to violet with increasing particle di- 
ameter. Still larger particles result in a progres- 
sively more poorly defined maximum. A secondary 
maximum at short wavelengths forms for values of 
d above 100 my; this is displaced also towards 
longer wavelengths with increasing values of d. 
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Silberauftrag: 0,08 g/m? 


700 [my] 


400 500 600 


Fig. 5. Absorption curves of aqueous silver sols of different particle 
size (pn = 1.33). Silver from silver chloride, coating weight 0.08 gram 
Ag/sq m. 


At the same time the layers become more trans- 
parent; the absorption in the visible spectrum be- 
comes progressively less selective and the trans- 
mission color of the layer changes gradually from 
blue-green to greenish and brownish hues and then 
to gray. 

A comparison of Fig. 4 with Fig. 5 reveals clearly 
the effect of the refractive index of the surrounding 
medium on the location of the family of curves. 

The curves of Fig. 5 were derived from measure- 
ments made on aqueous silver sols (n = 1.33) which 
were prepared with the same developer formula- 
tion that had also been used with the gelatin layers: 
A computed amount of developed emulsion was 
melted and diluted with water until it reached the 
same effective layer thickness inside a cuvette as 
the gelatin coatings on the plates (silver coating 
weight = 0.08 gram Ag/sq m). The gelatin con- 
centration of the aqueous sol amounted to about 
2%. 

The shapes of the curves in Fig. 5 are essentially 
the same as those in Fig. 4 except that all the curves 
of the watery sol are shifted towards shorter wave- 
lengths. Actually, it is possible to almost super- 
impose the curves of Fig. 5 on those of Fig. 4 by 
multiplying the former by the factor n’/n = 1.5/ 
1.33 = 1.13. This transformation is only a rough 
approximation which can be derived from Mie’s 
formulas; it is certainly incorrect for larger dif- 
ferences between refractive indices. Therefore, a 
complete match of the families of curves cannot be 
expected in theory nor is it obtained in practice. 
Our experiments yielded small but reproducible 
differences between the measured curves, which 
under otherwise identical conditions depended on 
the use of silver chloride or silver bromide emulsions 
at the start of the physical development process. 

Since no change in optical properties could be 
achieved through treatment of the developed layers 
in halogen solutions under a variety of conditions, 
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Fig. 6. Change, produced by the addition of KBr to the developer, 
in the absorption curve of Fig. 4 for particles of diameter d = 80 mu. 
The curve for silver obtained by development of silver chloride without 
bromide ion present is compared with the curve for silver obtained with 
the addition of bromide ion to the developer. 


it seems that adsorption effects at the surface of 
the silver grain cannot be involved. We favor the 
assumption that traces of bromide or chloride ions 
are incorporated into the silver crystal during de- 
velopment and that the optical properties of the 
pure silver are altered thereby. This effect is 
shown by two curves in Fig. 6. 

Both experiments were started with silver chloride 
emulsions. Both were treated identically but one 
was developed in a developer that contained more 
potassium bromide. Since the developers con- 
tained comparable amounts of potassium ions, it 
does not seem feasible to hold the potassium ions 
responsible for the color change. 


Comparison of the Experiments and Mie’s Theory 


Mie made his computations for infinitely dilute 
solutions in which individual particles contributed 
additively to absorption and scatter. The indi- 
vidual silver particles in our layers also are spaced 
so far from each other that the optical properties of 
the layer are independent of the mean particle dis- 
tance. However, different conditions exist for parti- 
cles located at different depths of a thick layer, 
owing to absorption effects. 

The relation between the transmission 7" in 
collimated light and Mie’s absorption constant 
k = CK (C = solution concentration) is readily 
understood. The following equation applies: 


A 
silver coating weight (gram Ag/sq cm) 


Ae 
p = silver density 
d = layer thickness 


0 T 
400 500 


T T 


T T 

600 700 X [mu] 
Fig. 7. Theoretical absorption curves of pure silver computed with 
the values given in Table V and for a silver coating weight of A = 0.08 
gram Ag /sq m. 


We computed the transmission r'! of the coating of 
our test plate [A = 0.08 gram Ag/sq m] by means 
of this equation and Mie’s k values. The results 
are shown in Fig. 7. 

A comparison with Fig. 4 shows that the families 
of curves coincide in their characteristic properties. 
The theoretical curves for large particle diameters 
do not show as clearly as the practical curves the 
systematic shift of their secondary maxima toward 
longer wavelengths, but this is probably due to the 
fact that the curve shape is not sufficiently well 
defined in the short wavelength region by the com- 
puted points. 

The maxima of the individual measured curves 
are generally flatter and broader than those of the 
corresponding theoretical curves. This may be due 
partly to the lack of an exact spherical shape of our 
silver particles and partly to a certain spread of our 
diameter values (see Fig. 1). Both factors cause 
a broadening and flattening of theoretical curves 
computed for exactly spherical equal-sized par- 
ticles. However, the difference between theoret- 
ical and measured curves cannot be totally ex- 
plained by means of the above mentioned effects. 
The experiments described in the last section in- 
dicate that the measured curves of particles of equal 
diameter vary with the conditions under which 
they are prepared. This leads to the conclusion 
that silver prepared by physical development is not 
very pure and that it has optical constants that differ 
from those of chemically pure silver. 


We wish to thank Miss Portig for her assistance 
in this work. 
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A Device for Measuring the Granularity 


of Photographic Emulsions 


Tino Ce io,* Institute of Optics, University of Rochester, Rochester, N.Y. 


A simple device for measuring the granularity (RMS density fluctuations) of uniformly exposed and 
developed photographic emulsions is described. The apparatus is an accessory to a micro- 
densitometer having an output sensitivity of 6 v per unit density increment and a scanning speed 
of 0.3 mm/sec. Maximum sensitivity of the device is 90 millivolts RMS for full-scale deflection 
(corresponding to a 0.015 fluctuation in density); the frequency response is substantially flat 
from 0.5 to 10° cps; the allowable (peak-to-peak) crest factor in the most unfavorable case is 
better than 5:1; the accuracy of measurements is about 10%. Basic considerations involved 
in the measurement of granularity are discussed and a complete circuit schematic is given. 


Knowledge of the density fluctuations inherent in a 
given mean density level is important in many appli- 
cations of photography to the quantitative measure- 
ment of radiant energy. Such fluctuations can be 
specified in many ways; however, the statistical 
nature of the problem usually leads to a specifica- 
tion in terms of the standard deviation c. 

In principle, the simplest measurement of granu- 
larity involves scanning a density distribution with a 
microdensitometer having an effective aperture area 
a and a constant scanning speed uw. Sigma can be 
determined numerically from a record of the scanned 
sample by selecting a sufficient number of ordinates, 
computing the mean density, and then computing the 
standard deviation. 

Electrical measurements of granularity are more 
rapid. However, the co-meters (i.e., true RMS- 
meters) available commercially do not have a fre- 
quency response directly compatible with the 
characteristics of the electric output of most micro- 
densitometers. Usually the scanning speed of these 
instruments transforms spatial grain noise fre- 
quencies to electrical frequencies as low as 0.5 cps 
whereas the low-frequency cutoff of most available 
meters is an order of magnitude higher. This diffi- 
culty can be overcome by signal modulation or by 
increasing the densitometer scanning speed. In the 
first case, the o-meter becomes quite complicated. 
In the second case, mechanical modifications of the 
densitometer are required, the electronic noise can 
become objectionable, and the higher frequencies 
present in the density fluctuations can be affected by 
the time constant of the logarithmic circuit which 
performs the translation from transmission to density 
values. This latter difficulty can be circumvented 
by making the measurements directly in terms of 
transmission.'** We will consider in the next section 


— address: CIBA Ltd., Basel, Switzerland. Received 1 June 
960. 

1. G.C. Higgins and K. F. Stultz, J. Opt. Soc. Am., 49: 925 (1959). 

2. K. F. Stultz and H. J. Zweig, J. Opt. Soc. Am., 49: 693 (1959). 
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the circumstances under which such a simplification 
can be made. 


Statement of the Problem 


The RMS-value of a density function D(x) over 
the interval X, = X, — X, is defined as 


D= x, f D(x)dx (2) 


Specifically (see Table I), one must determine the 
mean density D, calculate at each point the devia- 
tion from the mean AD = (D — D), perform the 
square (AD)?, add the contributions 2(AD)?, average 
the sum over the given interval, and finally take the 
square root of the averaged sum. The interval X» 
chosen depends upon the nature of the function D 
and upon the purpose the measuring device is sup- 
posed to fulfill. 

The ratio of peak-to-peak to RMS density fluctua- 
tion (i.e., ADpp/ADrus) is here defined to be the 
crest factor; this is a very important quantity in the 
circuit design of a o-meter. Its magnitude is deter- 
mined by the nature of the granular sample and by 
the area of the scanning aperture. For example, a 
crest factor of about 5:1 was observed when scanning 
a fine grain emulsion with a 164 X 16, aperture. 

Equation (1) can be simplified in the case of small 
deviations. From 


D = —logwT 
it follows that AD = — ; AT/T 


where k = log.10 > 2.30. 
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TABLE |. The Calculation of ADrys 


0 
Optical 
Electrical 
= Past 
Future Past 
Future 
Thermocouples 


1—— Thermistors 
(power-meters) 

RMS Tubes 
A\2 Diodes 

(0-0) 2— Hall modulators 

Squaring circuits 

3— 


D-c/a-c meters 
(moving iron, electrodynamic, 
electrostatic, hot wire) 


Time constant 


— Nonlinear scale 


Thus 


1/2 
= 1 | | 
Because AT'/T' is assumed to be small, T' can be re- 


placed by T,, which is constant over the interval X». 
Then 


= = | = (AT Rus/T) 


It is therefore possible to determine ¢ from ATzus by 
evaluating the quotient AT'aus/T' provided that 
AT/Tissmall. The error involved in this simplifica- 
tion can be estimated as follows. 

Consider a square-wave variation of amplitude AT’ 
around an average transmission 7" _ The maximum 
and minimum deviations will be 7 + AT'/2 and 
T — AT/2. Correspondingly, the density will 
vary between Duin = —logw(T + AT/2) and 
Duax = —logw(T — AT/2). The density range will 
be: 


AD = logio EE | = 


| 
logie — aT/2T 
= 


or expanded in series: 


1 
= T 
- 2.30 


1 1 
E + (AT/T) + go (47/7) 


The error E introduced by considering only the first 
term of the expansion will generally be small; e.g., 
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E= 1% for AT/T =0.1 (AD ~ .04) 
E=10% for AT/T =1 (AD = .4) 


For AT/T > 1 the error grows very rapidly, reaching 
© for AT/T = 2. 

The corresponding error in o is easily calculated 
for the assumed square-wave variation in trans- 
mission. Because AT/T is constant, o will be 
affected by the same error as AT'/T. Thus in the 
case of a general density fluctuation the error of o 
will always be smaller than the error corresponding 
to the maximum AT'/T occurring in the interval. 

In conclusion: Determination of ADrus by means 
of transmission measurements is reasonably accurate 
if the peak-to-peak density variations do not exceed 
approximately 0.4. 

In the following, only measurements of o derived 
from density values will be considered. Neverthe- 
less, the conclusions and solutions can be applied, 
with appropriate changes, to devices working in 
terms of transmission. 


Determination of AD 


Equations (1) and (2) indicate that the density 
deviations from the mean must be calculated prior to 
the nonlinear operation. Mathematically this in- 
volves three steps whose order is well defined; a 
certain spatial interval X, must be assumed, the 
average density D over X, must be determined, and 
finally the density deviations AD = D — D must be 
calculated. 

The selection of the position of the interval X) is 
dictated by the purpose of the measurements. X, 
can be chosen as a fixed region on the emulsion or it 
can be a region surrounding the scanning spot and 
moving with it. One is usually more interested in 
the fluctuations associated with the local average 
density than in those occurring a considerable dis- 
tance from the scanning spot; hence, in this case the 
averaging interval must bear a fixed relation to the 
moving scanning aperture. 

The determination of D over X, can be performed 
in space or time; i.e., by either optical or electrical 
devices. In the first case, two optical apertures will 
be involved; the aperture a gives D(x), and A, 
(with length X,) gives D. Elegant experimental 
instrumentation is possible with this arrangement. 
However, the fact that the density of a scattering 
medium varies in a complex way with the geometry 
of the illuminating and collecting systems restricts 
the use of such instruments to measurements on non- 
scattering densities. 

If D is determined in time, only one optical scan- 
ning aperture a (delivering D(t)) is required. D 
is calculated from D(t) by an electrical averaging 
device. It can then be said that the second aper- 
ture Ay, is electrical in nature. 

Finally there are different ways in which AD = 
D — D can be determined. In an optical averaging 
system, the relative positions of a) and A» can be 
varied so that a» lags, leads, or is surrounded by Ap. 
This is equivalent to saying that AD can be cal- 
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culated in relation to averaged “‘past,”’ “future,” or 
“past and future” valuesof D. If D(x) is the density 
at the point x of the emulsion and X, the averaging 
interval, the different cases can be expressed 


AD(x) = D(x) — D(x, X») (3) 
where 
x+(1—k)Xo 
D(x, Xo) = D(x)dx (4) 
x—kXo 
In particular, 


K = 0 — “future,” k = 1 — “past,” 
0 < k<1 — “future-past” devices. 


In an electrical averaging system the same situa- 
tion arises if a delay 7, of D(t) is introduced. The 
expressions corresponding to Eqs. (3) and (4) in 
terms of time are: 


AD(t — n) = Dit — — 7) (5) 
where 
D tt, 7») = — D(jdt = — — r)dr (6) 
In particular, 


7 = 7% — “future,” 
— “future-past’”’ devices. 


0— “past,” 


Fig. 1. The electrical CR-average. 


A very simple CR network fulfills all the require- 
ments imposed by Eqs. (5) and (6) (Fig. 1). The 
average of D(t) built up on the condenser C is 


0 


The delay is 7, = 0 and the deviation AD = D — D 
is directly available across R. 

The CR network of Fig. 1 is thus a device where D 
is determined from past values of D over an exponen- 
tial decaying memory (or aperture A,) having a time 
constant CR. 

This arrangement is frequently used because of its 
simplicity. It should be remembered, however, that 


the AD delivered by the CR network is of a very 
special kind and may not be suited to every purpose. 
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Determination of ADaus 


Given AD, Eq. (1) can be used to calculate ADnrus. 
Table I shows the steps involved and some of the 
possible solutions, although it cannot be considered 
complete. It may be noted: 


(a) (AD)* can be obtained in several ways. Any 
particular choice will be a compromise between 
simplicity, stability, efficiency, power require- 
ments, square law characteristics, etc. Group 1 
devices generally have low efficiency and zero 
drift, but require very small amounts of power 
and have good quadratic characteristics. Group 
2 devices have generally poor square law charac- 
teristics (for simple circuitry), but they can have 
no zero drift, high efficiency, and low power 
requirements. Group 3 devices require con- 
siderable amounts of power, but have good 
square law characteristics and no zero drift. 

(b) The summation and averaging of the squared 
differences can be performed by means of an 
integrating electrical or mechanical time con- 
stant 7T,’. Group 3 squaring devices are very 
handy in this connection; the mechanical time 
constant of these meters itself produces the 
desired effect. 

(c) The square root can easily be obtained by means 
of a nonlinear scale on the instrument. 


The Circuit Employed 


The o-meter was designed to facilitate an investi- 
gation of the influence of granularity on the accuracy 
of photographic radiometry. The developed emul- 
sions were scanned on a Kodak Model III micro- 
densitometer with a 16u xX 16u square aperture at a 
speed of about 0.3 mm/sec. From arguments pre- 
viously given, it follows directly that: 


(a) The averaging interval X, must have a fixed 
value relative to the scanning aperture. 

(b) A system involving only one aperture must be 
used 


(c) The CR calculation of the density deviation is 
usable. 


The design finally adopted was chosen for its 
simplicity; also, it required no modification of the 
microdensitometer itself. 

The frequency band limits were based on the spa- 
tial frequency response of a 164 xX 16u aperture and 
on tests showing that the slowest significant devia- 
tions in density generally did not occur more than 
100 u» apart. Taking into account the scanning 
speed of 300 u/sec this led to: 


(first zero in 16 X aperture spectrum) 20 cps 
nmin — cps 
Realization of even a much higher upper frequency 


limit does not present any electrical difficulty. The 
lower frequency limit determines the time constants 


T, and T,', which yield respectively D and 2(D — 
D)?. . In both cases 
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Fig. 2. Circuit diagram for o-meter. Roouple = 102 


Jmax = 3mA 


1.5mA Heater for Smv output 


V-1 is Weston thermocouple 
Rueater = 13002 


G is galvcnometer 
Sensitivity 0.1 uA/div- 
T = 3 sec 
R = 400 


Controls 
(1) Sensitivity reduction 
(2) Zero 
(3) Amplification 
(4) Sensitivity-magnification 


Uneater couple > 125v_ max 


1 
46 0.3 sec. 


In practice, time constants of about 3 sec were used. 
The actual circuit employed is shown in Fig. 2 and 
will be described hereafter. 

The signal from the microdensitometer is fed to 
the input of the o-meter, where it first passes an 
optional low pass frequency filter (required only 
when the light source of the microdensitometer is 
driven by alternating current) (see Fig. 3). The 
accuracy of the o-meter is somewhat decreased by 
this reduction of the frequency band. A better 
solution would be the use of a d-c lamp supply, or 
the injection in counterphase of a 120 cps sinewave 
(taken with a photocell at the lamp itself) after the 
logarithmic circuit of the microdensitometer. The 
logarithm of the lamp ripple will be a constant 
independent of the measured densities and can be sub- 
tracted out directly. This procedure implies a con- 
stant ripple percentage of the light delivered by the 
source. Should this not be the case, complete com- 
pensation would still be obtained if the correcting 
signal also were logged before being injected. 

The determination of AD is performed by means of 
C,R,,which has a time constant of 3 sec. The signal 
can be attenuated at R, before being fed to a d-c 
differential amplifier with cathode follower output. 


A thermocouple is employed as the squaring 
device. The type used is very sensitive, requiring 
only about 1.5 mA for maximum output; however, 
its overload power characteristics are very poor. 
As a consequence of the first fact (and of the high 
output voltage of the microdensitometer), the dif- 
ferential amplifier can be very simple. Because of 
the small power required to overload it, however, the 
thermocouple requires a protecting device (2 x 
1N91) which reduces the workable crest factor. Never- 
theless it was possible, even in the most unfavor- 
able case (Switch 4 set at <1 and full-scale deflection), 
to make the peak-to-peak crest factor better than 
5:1. With more sophisticated limiting circuits it 


w 
RIPPLE FILTER 7 
08 ‘ NOT IN CIRCUIT 
w ‘ 
06 
> ‘RIPPLE FILTER IN CIRCUIT 
5 
Ww 
0. 10 102 103 108 106 


FREQUENCY IN CYCLES PER SECOND 


Fig. 3. Frequency response of o-meter. 
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Fig. 4. Useful range of thermocouple. 
Cclibration: Switch (1) set at x1, switch (4) set at x1; thena = 0.8vpp 
sinewave, b = 3.2vyp sinewave, for full-scale deflection. 


would be possible to obtain a linear response over the 

entire allowed +4-v range (Fig. 4), corresponding toa 

crest factor of about 9:1. 

The remaining operations are performed by means 
of a galvanometer having a nonlinear scale and a 
time constant of about 3 sec. 

Provision is made for an attenuator (4) so that the 
maximum allowed signal is always present at the 
thermocouple. This helps in reducing zero drift of 
the thermocouple with temperature variations. 
Attenuator 4 should thus preferably be set at posi- 
tion 1, and the galvanometer should be calibrated 
with attenuators 1 and 4 both set at position 1 (Fig. 
2). 

Specifications for the device are: 

(1) Maximum sensitivity 90 mverus for full-scale 
deflection. 

(2) ADaus range of 0.015-0.25 full-scale deflection 
(in conjunction with the stated microdensitom- 
eter). 

(3) Frequency range 0.5-10° cps (+0.1 db). 

(4) Workable peak-to-peak crest factor limited to 
5:1 in the most unfavorable case. 

(5) Accuracy about 10%. 

The accuracy is primarily limited at high granu- 
larities by deviation of the thermocouple from the 
square law, and at low granularities by the thermo- 
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couple and amplifier drifts. Selection of the 12AU7 
tubes for balanced halves, temperature stabilization 
of the thermocouple and the elimination of the light 
source ripple should improve the accuracy of the 
meter. Nevertheless, the accuracy of 10% has 
proved to be satisfactory for current determinations 
of granularities. 

The rather short averaging time constants were 
found to be quite satisfactory. While they make 
reading of the galvanometer difficult, they also allow 
the operator to eliminate manifestly spurious fluctua- 
tions in the emulsions. 

Zeroing of the o-meter can be performed directly 
by means of the galvanometer; however, its time 
constant makes this procedure rather cumbersome. 
A check of the balance at points A and B on a d-c 
oscilloscope is convenient because it allows one to 
detect clipping of the signal caused by the limiter 
which protects the thermocouple. Usually the re- 
placement of a tube calls for only a new zero setting. 
Replacement of the thermocouple requires recalibra- 
tion by means of potentiometer 3. 

The calibration of the o-meter itself was performed 
electrically by means of direct current, sine waves, 
and square waves. The over-all system charac- 
teristic (microdensitometer plus o-meter) was 
checked by scanning lenticular film which approxi- 
mates a sine wave in terms of density. The RMS 
density fluctuation calculated from the densitometer 
trace was compared with the value read from the c- 
meter. 


Conclusion 


The granularity meter described here is intended 
to be a moderately accurate, low-cost, and easily 
assembled device. Besides its simplicity and rela- 
tively high sensitivity, one should note that its work- 
ing range can be extended at will to lower frequencies 
by suitable choice of the two time constants T) and 
T,'. While the device could be improved in many 
respects, this would not be compatible with the 
present aims concerning simplicity. The limitations 
in accuracy and workable crest factor do restrict its 
field of application. Nevertheless, it has proved to 
be a valuable tool* for measurements of emulsion 
granularity. 
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A Simple Camera for the Measurement of 
Photographic Resolving Power 


J. H. ALTMAN, Research Laboratories, Eastman Kodak Company, Rochester, N.Y. 


A high-aperture camera for measuring the resolving power of photographic emulsions is de- 
scribed. It consists largely of commercial components. The light source is a 2 x 2-in. slide pro- 
jector with neutral filters in the magazine to give an intensity series of exposures; the film is held in 
a modified microfilm camera; and the optical system consists of interchangeable microscope 
oculars and objectives inserted in a commercial body tube. Results obtained with this camera for 
some typical Kodak emulsions are compared with earlier data obtained with the special f/5 
camera in use in the Kodck Research Laboratories up to the present. 


Generally speaking, three methods have been used 
to impress resolving-power test images on photo- 
graphic emulsions: a suitable test object can be 
printed by contact, a large-scale test object can be 
printed optically at a suitable reduction, or an in- 
terferometer can be used to produce closely spaced 
fringes on the sample. Of these three methods, 
optical reduction in a suitable camera is generally 
considered the most convenient, and, in the history 
of photographic technology, many cameras designed 
for this purpose have been described. 'Two cameras 
in the Kodak Research Laboratories were described 
about ten years ago.' It happens that the design 
of both units was such that the optical systems 
themselves imposed limitations on the level of 
resolving power which could be achieved with some 
emulsions. In addition, the camera that was 
regularly used contained a unique //5 apochromatic 
lens,? and so our test procedure could not be dupli- 
cated precisely elsewhere. 

Recently it has become desirable to construct new 
equipment, both to remove the optical limitations 
on resolving-power measurement and to conform to 
current procedures for measuring resolving power, 
which will probably become widespread in the near 
future. A new camera was therefore designed which 
conforms to these current practices. This camera 
was assembled from existing commercial compo- 
nents, and it has proved to be simple, flexible, and 
economical to build. It is the purpose of this 
paper to describe the design of this unit. 


Design Considerations 


In the design of a camera for testing resolving 
power, four sections are critical in the sense of re- 
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quiring proper design and workmanship. These 
are (a) the optical system and the focusing mechan- 
ism, (b) the film holder and film-advance mechanism, 
(c) the device for timing the exposures, and (d) 
the intensity modulator. (This assumes that the 
exposures will be intensity-modulated, which is 
desirable and which conforms with sensitometric 
practice.) Other parts, mostly related to the 
mechanical assembly of the components, are not so 
critical and do not require extremely fine work- 
manship. 

Requirements for optical systems. Based on the 
Rayleigh criterion, the maximum possible resolution 
for a lens in green light can be shown to be equal to 
1600 divided by the f-number. In practice it has 
been found that the Rayleigh criterion is somewhat 
too severe, and a working expression for the limiting 
resolution of a lens is approximately 2000 divided 
by the f-number. Since modern emulsions for docu- 
ment-recording may possess inherent resolution 
capabilities of 500 lines/mm and even more, it is 
apparent that, aside from all considerations of 
corrections and residual aberrations, the perform- 
ance limits of common photographic lenses 
will be too close to the emulsion limits for un- 
biased testing. In fact, it has been estimated? 
that the limiting resolution of the taking lens in a 
resolving-power camera should be at least three 
times the inherent limiting resolution of the emulsion 
under test. In other words, it is quite possible 
that the testing of some emulsions will require 
lenses of aperture equal to f/1 — f/2. In addition, 
the optical system should be apochromatic for white- 
light measurements. We are thus led immediately 
to the use of apochromatic microscope systems for 
the camera, and in fact the use of such complete 
compound microscopes will probably become com- 
mon in such cameras. 


3. F.H. Perrin and J. H. Altman, J. Opt. Soc. Amer., 41: 1038 (1951). 
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The use of a complete compound microscope is 
also the solution for the focusing problem; the 
logical place to mount microscope components is in 
a microscope body tube with coarse and fine focusing 
motions. The use of the microscope offers the 
additional advantage of great flexibility, since any 
standard objective-ocular combinations may be 
inserted in the body tube at will (subject to the 
limitation that objectives and oculars should be sub- 
stituted in the proper combinations, since part of the 
correction of an apochromatic microscope system 
is built into the ocular). Standard compensating 
oculars are used. 

Film holder and film-advance mechanism. 'The use 
of a high-aperture optical system operating at rela- 
tively high reductions imposes severe requirements 
on the precision of the film-holding apparatus. 
It may be calculated that the depth of field for an 
objective whose numerical aperture (NA) is 0.30 
is about 4 u if the system is expected to resolve 800 
lines/mm; with an objective of NA = 0.65, the 
depth of field is less than 1 yu for a resolution of 
1600 lines/mm. Thus we estimate that it would be 
desirable to maintain the test film in the focal plane 
of the camera with a precision of + 1 yu. 

In one of the older cameras mentioned earlier, 
microscope objectives were used and the test film 
was positioned in the focal plane by means of what 
has been termed a “distance piece.‘ This is 
essentially a cylinder with a closed end in which a 
small hole has been drilled. The microscope ob- 
jective is inserted into the cylinder so that the 
outside surface of the drilled end is exactly the focal 
distance from the objective. The sample film is 
then pushed up against this surface, and the picture 
is made through the small opening. However, 
in using the distance piece we encountered trouble 
with the film buckling into the hole, and it was 
felt that a more precise method of holding the 
sample should be used. Experience has shown 
that, if the film is held against a vacuum platen and 
film and platen are then pushed together against 
a surface with a suitable aperture which is located 
at the focal plane, the buckling is eliminated and 
sufficiently precise location of the film is assured. 
Since the emulsion surface itself is positioned in the 
focal plane, the thickness of the support does not 
matter. 

A ready-made answer to these requirements is at 
hand in the Recordak Film Camera, Model C, 
which is a standard camera used for microfilming. 
This camera is designed to provide the operating 
sequence automatically. First, the film and the 
vacuum platen are brought into the exposure 
plane with a cam, and vacuum is applied to hold the 
film in place. The expocure is made by a built-in 
shutter, after which the vacuum is released, and the 
platen holding the film is moved away from the ex- 
posure plane. Finally, the film is advanced by a 
predetermined amount for the next exposure. 
Since this is exactly the sequence of events which 


4. G.W. W. Stevens, Phot.J., 84: 108 (1944). 
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was desired in the new resolving-power camera, it 
was decided to use just such a camera as the founda- 
tion of the new instrument. Minor modifications 
were required for the new application, and these 
will be described. 

Exposure timer. In both the previous cameras, 
the exposures were timed by means of sector disks, 
so that the exposure series were made on a time 
basis. It would be preferable to make all exposures 
at a fixed time and modulate the intensity, and it 
would also be desirable to have a range of fixed 
times available. By far the simplest method of 
producing such a range of fixed times would be 
to install a standard commercial shutter, without a 
lens, in the system. Such a shutter is undoubtedly 
less precise than some form of sector wheel and is 
probably more prone to failure. However, the 
advantages of simplicity, small size, and easy selec- 
tion of exposure times were felt to outweigh these 
disadvantages, and a commercial shutter was selec- 
ted for the present instrument. It may be remarked 
that the reproducibility of exposure times has so 
far appeared to be sufficient for the purpose, since 
no attempt is made to maintain sensitometric con- 
trol of the experiments. The apparatus has not 
been used long enough for the life of the shutter to 
be known, but occasional replacement would not be 
too expensive. 

Exposure modulator. If a shutter is to be used, 
some method of modulating the intensity of the light 
source reproducibly over a range of at least three 
log units is necessary. Here also a very simple 
solution was found in the form of a commercial 
automatic slide projector of the type in which slides 
are held in a magazine and changed automatically 
on demand. The magazine of such a projector was 
loaded with a series of neutral filters mounted as 
2 xX 2-in. slides, and the projector was placed so 
that its beam falls on the rear side of the test object. 
The test object is thus brightly transilluminated, 
and, by changing the “‘slides’”” by means of the auto- 
matic mechanism, it is possible to generate an in- 
tensity-modulated exposure series. Any type of 
series may be obtained at will by inserting the 
necessary neutral filters. The level of illumination 
is adequate for all materials which have been tested 
in the camera. It was expected that some difficulty 
might arise from unevenness of illumination across 
the test-object plane, but by using only the center 
of the projected field, it has been found that the even- 
ness of illumination is adequate for most purposes. 
Even if this were not so, it would be a simple matter 
to prepare a photographic mask which could be 
mounted behind the test object to compensate for 
unevenness. 


Details of Design 


The camera as finally designed is shown in Fig. 1. 
The entire assembly, with the exception of the slide 
projector, is supported on a lens bench which 
is made from a 5-ft length of 6} x §8-in. 
steel H-beam. The tops of the two vertical members 
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A, mount carrying filter 


(when used), diffusing glass, 


and test object 

B, shutter operated by ro- 
tary solenoid C 

D, microscope body tube 
with coarse and fine adjust- 
ments, holding ocular and ob- 
jective 

E, dial gauge for measuring 
focal displacement 


F, microfilm camera contain- 


Fig. 1. Sketch of resolving-power camera. 


of this beam were machined to form a slideway, 
thus providing a “‘lens bench”’ sufficiently accurate 
for our purposes. All the components are mounted 
on steel blocks which slide along the top of this 
H-beam and can be fixed at any desired point. 
The shutter B and test-object holder A can be ad- 
justed transversely to the H-beam, which is sup- 
ported by four shock mounts to isolate it from 
vibration. 

The shutter and shutter-actuating solenoid C 
are mounted together, independently of the micro- 
scope-and-camera assembly. Direct current is used 
for the solenoid to avoid vibration. A lighttight 
connection between the shutter and the entrance 
pupil of the microscope is provided by the concen- 
tric sleeve arrangement shown in cross section. 
The shutter and solenoid assembly can be isolated 
from the H-beam by shock mounting so that no 
jar is transmitted to the camera proper. 

The compound microscope D is mounted on the 
Recordak camera F by means of a reinforced angle 
iron; a suitable mounting flange is provided on the 
camera. The microscope objective fits through 
a hole drilled in the angle iron. It was necessary to 
machine an extension piece for the microscope body 
tube to reach the focal plane of the camera and to 
maintain the proper tube length. A light lock is 
provided by a collar of blackened sponge rubber 
(stippled in the drawing) placed over the extension 
piece in the interior of the camera. A dial indicator 
E reading to 2 yu is fastened to the microscope body 
tube and maintained in contact with a reference 
surface on the angle iron. By the combination of 
this dial indicator and the scale engraved on the 
fine-focus control of the microscope body tube, 
it has been possible to adjust and maintain focus 
quite conveniently. 

Some modifications were required to the Recordak 
camera in order to make it suitable for the present 
purpose. As regularly made, this camera is designed 
to go through its complete cycle automatically, 
without stopping, and with a fixed exposure of 0.4 
sec. The modifications required consisted essen- 
tially in removing the built-in shutter provided in 
the camera and in altering the mechanism so that 


ing vacuum platen G for hold- 
ing film H. 

The slide projector serving 
as light source and intensity 
modulator is oui of the picture 
at the left. 


the cycle stops with the film in the exposure plane 
and the vacuum on. The latter change is readily 
accomplished by grinding a notch at the proper 
place on the cycling cam of the camera. 

It was also thought desirable to make some fur- 
ther small changes, although these are not essential 
even for the present use. Thus the regular vacuum 
platen, which is covered by parallel grooves, has 
been replaced by a platen that has been ground 
smooth except for a vacuum groove just ottside 
the area in which the image falls. Likewise the 
reference plate against which the film is held during 
exposure has been replaced by another plate con- 
taining locating pins, which is designed to facilitate 
exposing short lengths (10-in.) of 35-mm film. 

Finally, the small bellows built into the camera to 
provide vacuum during the exposure has been 
replaced to provide higher vacuum for longer 
periods than the bellows was intended to furnish. 
The vacuum platen has simply been connected to a 
small pump instead, through a four-way solenoid 
air valve. The purpose of the valve is to vent both 
the vacuum platen and the pump during the film- 
change part of the cycle. A vacuum gauge has been 
added to the system to give a positive indication 
that the sample is held down during exposure. 

The test-object holder is mounted on its own 
sliding block, and its design was dictated by the 
shape of existing targets. Provision is made for 
mounting filters between the test object and the 
light source. The slide projector is not connected 
in any way to the H-beam but is simply set on the 
bench about 3 ft from the test object, on which it is 
focused. 

As a matter of convenience, and since automatic 
operation is already provided in the projector and 
the camera, the entire system is automatically cycled 
from a control box. Essentially, the control circuit 
is merely a 6-circuit, 15-sec cycle timer of a standard 
commercial type. All the components are actuated 
in the proper order by this timing device. Provision 
is made for individually controlling all the compo- 
nents of the system so that time exposures, double 
exposures, or any desired special operation can be 
accomplished. Means have also been provided for 
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varying the distance between exposures along the 
film. 


TABLE |. Resolving Powers of Typical Emulsions for a 
Luminance Ratio in the Test Object of 1000:1 


The f/5 camera is the one that has been used routinely in 
the past with lines of constant length; the new camera is 
the one described here, used with three-line patterns 
whose total widths are five times the lengths of the lines. 
Resolving powers are lines per millimeter, development 
times in minutes. Samples were read in a binocular mi- 
croscope as described previously. 


Developer Resolving 
Kodak Kodak Time Power 
Emulsion Formula (min) f/5 New 
Panatomic-X D-76 (1:1) 7 125 160 
Tri-X (improved 
type) D-76 7 95 100 
Royal-X Pan Re- 
cording DK-50 5 65 55 
Plus-X Aerecon D-19 8 95 110 
Fine Grain Positive D-16 4 125 160 
Kodagraph Print 
Film D-16 4 225 400 
Kodagraph Micro- 
File D-11 4 225 450 
Spectroscopic 
Type 649-GH D-8 1 300 800* 
Spectrum Analysis 
No. 2 D-19 5 90 90 


* This is the limiting value of the test object at 200 X reduction. This 
emulsion is known to have a resolution of at least 1600 lines/mm when 
tested with lenses of sufficient aperture. 
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Results 


We plan to use this camera with three sets of 

optics having the following apertures and giving the 
following reductions: (a) NA = 0.10, 75 x reduc- 
tion; (b) NA = 0.30, 200x reduction; and (c) 
NA = 0.65, 400 x reduction. Of these, it is felt 
that the most generally useful will be the 200 x 
reduction, and a number of emulsions have been 
tested with this system. The test object used for 
these tests was a three-line chart of the constant 
length-width-ratio variety, which it is expected will 
be used in the Kodak Research Laboratories in the 
future. Studies carried out previously’ have indi- 
cated that a test object of this type should give lower 
values of limiting resolution for any given emulsion 
than does the constant line-length test object used 
hitherto in these Laboratories. On the other hand, 
we should expect that the removal.of the aperture 
limitations imposed by the f/5 camera would result 
in significant increases in observed resolution for 
many emulsions. This has indeed proved to be the 
case. 
Listed in the table are the results for a selected 
group of Kodak emulsions, in comparison with the 
results obtained heretofore with the f/5 camera. 
It will be seen that, for most of the emulsions, the 
removal of the aperture limitation has considerably 
more than compensated for the reduction in line 
length. The value with the new camera is lower 
only for the emulsion having the lowest resolving 
power. 


5. F.H. Perrin and J. H. Altman, J. Opt. Soc. Amer., 43: 780 (1953). 


e Coming Technical and Scientific Meetings 


Optical Society of America, March 2-4, 1961, Pick- 
Roosevelt Hotel, Pittsburgh, Pa. Meeting to be held 
in part concurrently with the Pittsburgh Conference on 
Analytical Chemistry and Applied Spectroscopy at the 
Penn-Sheraton Hotel, where a large instrument exhibit 
will be on display. 


ASP-ASCM Convention, March 19-25, Shoreham Hotel, 
Washington, D.C.: American Society of Photogram- 
metry, 27th Annual Meeting, March 20-22; American 
Congress on Surveying and Mapping, March 22-25. 
Registration for the joint convention opens March 19. 
Technical sessions begin March 20. Technical ex- 
hibits. 


National Microfilm Association, National Convention, 
April 4-6, Hotel Sherman, Chicago 


Inter-Society Color Council, 30th Annual Meeting, 
April 10-12, Sheraton Hotel, Rochester, N.Y. 


89th Semiannual Convention, SMPTE, May 7-12, 1961, 
King Edward Sheraton, Toronto. Papers Committee 


Chairman, Rodger J. Ross, Canadian Broadcasting 
Corp., 354 Jarvis St., Toronto 


1961 Annual Conference, SPSE, May 22-26, Bing- 
hamton, N.Y. Papers Committee Co-Chairmen, 
Dr. F. H. Gerhardt and Peter Krause, Ansco, Bing- 
hamton, N.Y. 


Society of Photographic Instrumentation Engineers, 
National Convention, August 7-10, Ambassador Hotel, 
Los Angeles 


90th Semiannual Convention, SMPTE, October 2-6, 
1961, Lake Placid, N.Y. 


1962 Annual Conference, SPSE, Boston 


91st Semiannual Convention, SMPTE, April 30-May 4, 
1962, Ambassador Hotel, Los Angeles 


92nd Semiannual Convention, SMPTE, October 22-26, 
1962, Drake Hotel, Chicago 
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PHOTOGRAPHIC SCIENCE AND ENGINEERING. 
Volume 5, Number 1, January-February 1961 


Kinetic Studies on the Development of 


Silver lodide Emulsions 


T. H. JAMES AND W. VANSELOw, Research Laboratories, Eastman Kodak Company, Rochester, N.Y. 


The temperature-dependence of the rates of image and fog development of fine-grain silver 
iodide emulsions by pyrogallol, catechol, and titanous ethylenediaminetetraacetate complex 
developers was determined, and activation energies were calculated. The activation energies 
of image development were smaller than those of fog formation for most of the developers 
studied, but not for catechol. The lower activation energy of fog formation by the catechol 
developer is due to a difference in mechanism between fog and image development, fog 
development occurring primarily by the solution physical mechanism with solution as the rate- 
controlling step. Development by pyrogallol is accelerated by quaternary salts. The vari- 
ation of color and covering power of image and fog silver with development conditions was 
studied. The results can be explained in terms of the relative importance of direct and solution 
physical development. The effect of temperature and of various solvents on the rate of 
solution of silver iodide was determined. Tests made to find an optimum developer for the 


iodide emulsions gave results which did not correlate with the known data on iodobromide 
emulsions. Best results were obtained with a pyrogallol-sulfite developer of pH 10 used at 


high temperatures. 


Gelatin-silver iodide emulsions prepared with ex- 
cess iodide are reported in the literature to be very 
insensitive. ‘The sensitivity can be increased con- 
siderably, however, by bathing the emulsion in acid 
silver nitrate solution or in solutions of many sub- 
stances which react with iodine, such as pyrogallol, 
sodium bisulfite, hydroquinone, and sodium nitrite, 
then drying the emulsion before exposure.!~* 
Liippo-Cramer® showed that the sensitivity of a 
silver iodide emulsion, either with or without treat- 
ment in bisulfite solution before exposure, is in- 
creased by the incorporation of 5, 10, or 20% sil- 
ver bromide and that the sensitivity increased 
with increasing bromide content. ‘Trivelli and 
Smith® obtained an increase of about two orders 
of magnitude in toe speed and an increase in gamma 
as well by the incorporation of 0.5% or 2.0% sil- 
ver bromide in a silver iodide emulsion. 

Silver iodide grains are only slowly and inef- 
ficiently reduced by many conventional developers 
which show satisfactory activity towards silver 


Communication No. 2094 from the Kodak Research Laboratories, pre- 
sented at the Annual Conference, Santa Monica, Calif., 12 May 1960. 
Received 8 June 1960. 


1. Vogel, H. W., Handbuch der Photographie, 4th ed., Vol. 1, 1890, p. 
172. 

2. Liippo-Cramer, H., Phot. Korr., 38: 218, 422, 427 (1901); 40: 25,174 
(1903); 50: 58 (1913); 52: 278 (1915); 66: 197 (1930). 

3. Johnson, J. A., Brit. Patent 178,828, April 11, 1922. 


4. Germann, F. E. E., and Shen, D. K., J. Phys. Chem., 33: 864, 1583 
(1929). 


5. Lippo-Cramer, H., Z. wiss. Phot., 27: 1 (1929). 
6. Trivelli, A. P. H., and Smith, W. F., Phot. J., 78: 644 (1938). 


bromide and iodobromide grains. The difficulty 
of developing silver iodide emulsions has been a 
major obstacle to a systematic investigation of their 
photographic properties. Several investigators used 
2,4-diaminophenol in alkaline solution, which is a 
very active developer for silver bromide systems, but 
Liippo-Cramer noted that physical development 
gave superior results to chemical development for 
the silver iodide emulsions, a result quite contrary to 
normal experience with silver bromide emulsions. 
Germann and Shen used pyrogallol at room tem- 
peratures, but their work was all done with single 
grain-layer coatings which develop more readily 
than the regular emulsion coatings. 

The present investigation was undertaken with 
three aims in view: to formulate a high-activity 
developer suitable for use with silver iodide emul- 
sions; to study the temperature-dependence of 
development under various conditions; and to 
study factors influencing the rate of solution and 
hence of solution physical development of the sil- 
ver iodide emulsions. 


Experimental Materials and Procedures 


The photographic materials used were fine-grain silver 
iodide emulsions prepared in a conventional manner. 
One emulsion (A) contained no halide other than iodide, 
which was in slight excess. In the preparation of the 
other (B), bromide was added to the iodide solution used 
in the precipitation. The total halide was in excess, but 
the iodide content was somewhat less than equivalent‘to 
the silver ion; the emulsion grains contained 1.3 mole % 
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Fig. 1. 
length is three times gra in thickness. 


bromide. Electron micrographs are shown in Fig 1. 
The coating used in the determinations of rates of solu- 
tion (Coating C) was prepared as previously described’ 
by adding colloidal silver to a very fine grain silver iodide 
emulsion just prior to coating. All coatings were hard- 
ened to withstand high-temperature processing. 

Sensitometric exposures were made on an Eastman 
IIB Sensitometer to unfiltered light from a 250-w projec- 
tion lamp, operated at 115 v, and 75 cm from the film. 
Uniform exposures were made to unfiltered light from 
two 500-w projection lamps at 61 cm from the film (ex- 
posure time 10 min). Nitrogen-burst agitation was used 
in all development tests. Whenever the solutions used 
were excessively sensitive to oxygen, the solutions were 
prepared and used in a nitrogen atmosphere. The film 
strips were fixed in Kodak Fixer F-5 for 25 min at room 
temperature. The densities of the sensitometric strips 
were read on a photocell densitometer. Spectrophoto- 
metric curves (total density) were obtained on all uni- 
formly exposed strips. The mass of developed silver 
per unit area was determined by the x-ray fluorescence 
method. 


Experimental Results 


Sensitometric Tests 

Figure 2 illustrates the results obtained for de- 
velopment of Coating B in Kodak Developer D-19 
at 20° C for the various times marked on the curves 
(dotted lines). Although an image appeared rather 


7. James, T. H., and Vanselow, W., Phot. Sci. and Technique, 2: 62, 135 
(1955). 


JAMES AND VANSELOW 


Electron micrographs of grains: Left, pure Agl; right, Agl with approximately 1% bromide. Parallel bars indicate 1 micron. Shadow 


quickly, it gained density only slowly. At higher 
temperatures, development occurred more rapidly 
but contrast remained low. Results obtained with 
conventional “high-energy” developers, such as 
Kodak Developers D-8 and D-82, were better, but 
were less satisfactory than those obtained with 
some special developers. Developers prepared 
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— Pyro, 48.8°C 
—— Pyro, 66.4°C 
---- D-I9, 20°C, 


30 


20 
Log exposure (arbitrary units) 


Fig. 2. Characteristic curves for Coating B. Solid curves, pyrogallol 
development at 48.8° C; dashed curves, same at 66.4°; dotted 
curves, Kodak D-19 at 20° C. The numbers on the curves refer to 
development times in minutes. 
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with 2,4-diaminophenol, N-methyl-p-aminophenol, 
catechol, hydroquinone, and several derivatives of 
p-aminodiethylaniline were generally less satis- 
factory than those prepared with pyrogallol or the 
titanous ethylenediaminetetraacetate (Ti-EDTA) 
complex as active developing agent. All of these 
developers had to be used at elevated temperatures 
to obtain optimum speed and gamma within a rea- 
sonable time. The best results were obtained with 
pyrogallol as developing agent, and Fig. 2 shows 
characteristic curves obtained at 48.8° C and 66.4° C 
with a solution of the following composition: 


Sodium bisulfite. . 
Sodium carbonate monohydrate ... .50.0 “ 
40% Formaldehyde 2.5 ce 
Total volume . iiter 


The formaldehyde was necessary to avoid re- 
ticulation of the gelatin during processing at the 
relatively high temperatures, but control experi- 
ments indicated that the formaldehyde did not 
contribute materially to the fog development in the 
silver iodide emulsions. The fog formed appears 
to be produced by a mixture of chemical and solu- 
tion physical development. Increase in the sulfite 
content of the developer increased fog formation 
without causing significant change in image de- 
velopment. Increased iodide content also pro- 
moted fog. Both sulfite and higher iodide contents 
appear to increase primarily the solution physical 
component of fog formation. 

The pyrogallol developer was equally satisfactory 
for use with the pure iodide emulsion. This emul- 
sion was much slower than the one containing the 
small amount of bromide when both were used 
without added halogen acceptor. When both were 
bathed in a 0.5% pyrogallol solution and dried 
before exposure, however, the pure iodide showed 


Density 


No addition, 488°C 
salt, 49.5% 
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Time of development (min) 


Fig. 3. Effect of 1 gram of a@-picolinium-8-phenylethyl bromide (Q 
salt) per liter on the development of Coating B by pyrogallol. Log 
E = 2.1 (see Fig. 2). 
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about half the speed of the one with the small 
amount of bromide, and about the same contrast. 

The rate of development in the pyrogallol de- 
veloper at a particular temperature was increased 
by the addition of the quaternary salt, a-picolinium- 
8-phenylethyl bromide. Figure 3 shows a plot of 
density against time of development at a par- 
ticular exposure level in the presence and absence 
of 1.0 gram of quaternary salt per liter. Although 
the quaternary salt accelerated image development, 
it caused a loss of covering power (density /silver) 
and a slight increase in the relative fog formed for 
a given image density. The loss of covering power 
depended on the exposure level, being greater the 
lower the exposure. 

A ferrous-ethylenediaminetetraacetate developer 
of pH 10.5 (30 grams of ferrous sulfate, 100 grams 
of tetrasodium ethylenediaminetetraacetate, per 
liter) was more active than D-19 but gave lower 
speed than the pyrogallol developer. (The ferrous 
complex developer is considerably less active than 
D-19 for development of silver bromide emulsions. ) 
A developer of pH 5.5 prepared by mixing a de- 
aerated solution of 25 cc of titanous chloride (La- 
Motte standard 20% solution) in 75 cc of water 
with a deaerated solution of 36 grams of tetraso- 
dium ethylenediaminetetraacetate in 260 cc of 
water was quite active as a developer for the silver 
iodide emulsions, and was less temperature de- 
pendent than the pyrogallol developers. It gave 
about the same toe speed as the pyrogallol de- 
velopers, but lower contrast. The titanous solu- 
tion must be prepared and used in an inert atmos- 
phere. 


Tests with Uniformly Exposed Strips 


The temperature-dependence of development of 
the silver iodide coatings was determined for pyro- 
gallol, catechol, and the titanous ethylenediamine- 
tetraacetate complex over a range of 6° to 65° C. 
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Time of development (min) 


Fig. 4. Effect of temperature on latent-image development (uniform 
exposure) of Coating B by pyrogallol. Figures on curves represent 
temperatures in degrees Centigrade. 
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Fig. 5. Effect of temperature on fog development of Coating B by 
pyrogallol. Figures on curves represent temperatures in degrees 
Centigrade. 


The pyrogallol was used in the formula given in the 
preceding section, with or without the potassium 
iodide. In some tests, 20 grams of pyrogallol were 
used per liter, and in others, 0.5 gram of a-pico- 
linium-8-phenylethyl bromide was added per liter. 
The catechol developer had the composition: 
50 grams of catechol, 61 grams of potassium meta- 
bisulfite, 6 grams of potassium iodide, 50 grams of 
sodium hydroxide, and water to make 1 liter. The 
titanous complex developer had the composition 
given in the preceding section. 

Rates of image development and fog develop- 
ment were determined from the curves obtained by 
plotting the mass of developed silver per square 
decimeter against time of development in minutes 
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(Figs. 4 and 5). The rates were measured in terms 
of the slope of the curves at a fixed amount of sil- 
ver (4.3 and 10.7 mg/sq dm) and in terms of the 
reciprocal of the time required to develop a fixed 
amount (2.15 mg/sq dm). In spite of the high level 
of exposure of the film strips, each silver-vs.-time- 
of-image-development curve shows a “break,” 
i.e., a region where the slope decreases rapidly, which 
is temperature-dependent (see Fig. 4). Rates of 
development beyond the break, measured at equal 
fractional amounts of developed silver for all tem- 
peratures, are considerably more temperature- 
dependent than those measured below the break. 
In general, the present results have been confined 
to the region below the break, and the rates followed 
the Arrhenius equation satisfactorily in most cases. 

Over-all activation energies, calculated from the 
Arrhenius equation, are listed for the various de- 
velopers in Table I. The table also includes results 
obtained for a fine-grain motion-picture-positive 
iodobromide emulsion developed in the pyrogallol 
developer. The activation energies calculated from 
the slope rates determined at 10.7 mg of Ag/sq dm 
are not listed in this table, since they are substan- 
tially the same as the activation energies corre- 
sponding to 4.3 mg of Ag/sq dm. 

The spectrophotometric curves for the developed 
image silver resemble those previously obtained by 
development of iodobromide emulsions in low- 
solvent developers.* The form of the silver is fila- 
mentary (Fig. 6). Spectrophotometric curves of 
the fog silver formed by the titanous complex de- 
veloper and the pyrogallol developers which con- 
tained the quaternary salt, on the other hand, closely 
resemble those previously obtained for solution 
physical development of silver iodobromide emul- 
sions. Figure 7 shows a comparison of the latent- 
image and fog curves obtained by development of 
Coating A (treated with pyrogallol as halogen ac- 
ceptor before exposure) in the titanous complex 
developer at 39° C. The fog silver is nonfilamentary. 

The spectrophotometric curves for the fog silver 


TABLE |. Activation Energies of Development of Silver lodide Emulsions 


Activation Energies (kcal/mole) 


KI Image Fog 
Coating Developer (grams /liter) Slope 1/t Slope 1/t 
B Pyrogallol (10 g) eal 19 16 31 29 
B Pyrogallol (10 g) 0.1 20 20 (27) 32 
B Pyrogallol (20 g) —. 20 18 32 (24) 
B Pyrogallol (20 g) 0.1 20 (21) 32 30 
B Pyrogallol + Q* — 16 14 22 23 
B Pyrogallol + Q 0.1 18 (18) 23 23 
B Catechol 6.0 27 (23) 22 23 
B Ti-EDTA —- 8 9 16 22 
At Ti-EDTA 9 9 21 19 
KBr 
Iodobromide Pyrogallol 2.0 11 12 22 22 
Pyrogallol 4.0 10 13 23 24 
Pyrogallol 10.0 12 14 22 22 


* 0.5 ofa pi lint yl thyl b 


t+ Containing pyrogallol as halogen acceptor. 
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Fig. 6. Electron micrograph of developed image silver. 
bars indicate 1 micron. 
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Fig. 7. Spectrophotometric curves of image (solid curve) and fog 
(broken curve) silver developed by the titanous ethylenediaminetetra- 
acetate solution. Image development, 0.67 min at 39.6° C; fog, 
70 min at 39.1° C. Coating A, containing pyrogallol. 


developed by the catechol developer do not give 
clear evidence for solution physical development, 
but it was not possible to continue fog develop- 
ment in this solution to moderate or high densities 
because of excessive softening of the gelatin in this 
caustic solution. Electron micrographs of the de- 
veloped silver, however, show that the fog silver is 
formed predominantly by the solution physical 
mechanism. The silver is nonfilamentary and the 


Fig. 8. Electron micrographs of fog silver (left) developed in 150 min by the catechol developer, and image silver (right) developed in 1 min at 
39° C in Coating B. Parallel bars indicate 1 micron. 
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COVERING POWER 
PYRO DEVELOPMENT 


Density / silver 


Fog silver 


10 20 


Mg Ag/ sq dm 


Fig. 9. Covering power (for total density) of Coating B for image 
and fog silver, developed by pyrogallol. Ill no Kl; = developer 
contained Kl. Silver mass is expressed as mg/sq dm. 


particles grow to sizes much larger than the original 
grains (Fig. 8). The image silver developed by this 
solution, on the other hand, is filamentary. 

Covering-power determinations were made for all 
conditions of development listed in Table I. Be- 
cause of the variations in the general shapes of the 
spectral absorption curves of the developed silver, 
covering power was determined for densities meas- 
ured at specific wavelengths as well as for densities 
read on the automatic densitometer (total). Cover- 
ing-power values were plotted against silver (mg/sq 
dm) as shown in Figs. 9-11. In general, the plots 
for total density and for density measured at 700 
my were nearly the same and the covering powers 
were lower than for densities measured at 460 mu 
or 400 mu. 

Figure 9 shows the covering-power plots for both 
image and fog silver for the pyrogallol developer, 
both with and without added iodide. The broad 
bands of the plots indicate covering-power spread 
over the temperature range studied. The covering 
power for image silver decreased with increasing 
amount of silver, i.e., increasing degree of develop- 
ment, whereas the covering power for fog silver 
remained fairly constant. The presence of the 
quaternary salt lowered the covering power for 
both image and fog development (compare Figs. 
9 and 10). 

The data points for the pyrogallol development 
were sufficiently erratic that no clear dependence of 
covering power on temperature could be recognized. 
The covering power for the titanous complex de- 
veloper was substantially independent of tempera- 
ture over the range studied (6°-—49° C). The 


8. James, T. H., and Vanselow, W., Phot. Sci. and Eng., 1: 104 (1958). 
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Density /silver 


L 
10 20 


Mg Ag /sq dm 


Fig. 10. Covering power (for total density) for the same conditions 
as in Fig. 9, except that developer contained quaternary salt. 


results for catechol, on the other hand, showed a 
definite dependence on temperature, the covering 
power decreasing with decreasing temperature (see 
Fig. 11). 


Rate of Solution Physical Development 


The solution physical development experiments 
were made, for the most part, under conditions such 
that rates of solution were rate-determining. The 
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Fig. 11. Covering power (for total density) of image silver for 
Coating B developed by catechol-@ 7.0° C; @ 20.0° C; 0 29.9° C, 
A 39.0° C; 49.6° 
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basic developer consisted of 2.5 grams of N-methyl- 

p-aminophenol sulfate (Metol); 10.0 grams of 
ascorbic acid; 100 cc of 0.5 M trisodium phosphate; 
150 cc of 1.0 M sodium hydroxide; and water to 
make 1 liter. The pH was 11.8 at 20° C. Under 
most conditions, the rates of solution physical de- 
velopment were substantially constant over a de- 
veloping-agent concentration range of 1 to 10 grams/ 
liter, and were substantially the same as those ob- 
tained with a pyrogallol-ascorbic acid developer of 
pH 11.8. The rates were measured in terms of 
density change per minute (D.—D.), where 
D. and Dio are the densities measured at the 
spectral maximum and at 700 mu, respectively. 
This expression of rate is nearly equivalent to mg 
dm min~ in terms of silver. 

The rates measured in the absence of added iodide 
ion in the developer did not follow the Arrhenius 
equation accurately, so that only rough values for 
over-all activation energies could be obtained from 
the data. The rates determined in the presence of 
0.2 gram or more of KI per liter followed the equa- 
tion satisfactorily, and more accurate activation 
energies could be calculated. The results obtained 
for various iodide-ion concentrations, listed in Table 
II, indicate that the activation energy of solution 
of the silver iodide is substantially independent of 
iodide-ion concentration over the range studied, 
and is 21-22 kcal/mole. 

The rate of solution increased with increasing 
concentration of iodide ion in the developer (Table 
TI). Unlike the rates of solution of silver chloride 
and silver bromide,’ the rate of solution of silver 
iodide did not drop to a minimum at a low halide- 
ion concentration before it started to increase. 

Sulfite ion increases the rate of solution of silver 
iodide, just as it does the rate of solution of silver 
bromide. The effect of sulfite concentration is 
shown in Figure 11. The rate of solution increased 
at first with increasing sulfite concentration, then 


9. James, T. H., and Vanselow, W., J. Phys. Chem., 62: 1189 (1958). 


KINETIC STUDIES ON DEVELOPMENT OF Agi EMULSIONS 


Rate D/M 


Sodium sulfite concentration (molar) 


Fig. 12. Effect of sodium sulfite on the rate of solution at 20° C of 
silver iodide grains in the absence of KI and in the presence of 0.2 
gram Kli/liter. Broken curve shows the relative rates for motion- 
picture-positive emulsion grains in a solution containing 1 gram KBr 
(no KI) per liter. 


leveled off and decreased somewhat at high con- 
centrations. The relative increase in the rate of 
solution of the iodide does not differ greatly from that 
of the bromide or iodobromide. The broken curve 
in Figure 12 represents the relative rate of solution 
of fine-grain silver bromide, containing less than 
1% iodide, in sulfite solutions which contained 1 
gram KBr/liter. The actual rates for this curve are 
ten times those plotted in the figure. A sulfite con- 
centration of 0.5 M increased the rate of solution of 
the silver iodide about threefold and of the silver 
bromide about fourfold. (Unpublished data re- 
cently obtained by W. E. Lee and T. H. James showed 


TABLE Ill. Rates of Solution at 20° C 


Slope Rates, (Dm — Dz) /min, 
for 


Silver Iodide 


No 0.2 of Iodo- 
TABLE Ii. Temperature-Dependence of the Rate of Addenda (M) KI KI/l bromide 
ee 0.008 0.026 0.10 
Slope Q*salt 0.01 0.11 0.42 0.52-0.64 
KI Rates Activation Sodium 
(grams / Temperature (Dn —_ Divo) / Energies thiosulfate 0.01 0.086 0.081 2.4 
liter) (°C) min (kcal/mole) Potassium 
thiocyanate 0.01 0.085 0.040 1.67 
0 20.0 0.009 22-27 Potassium 
30.0 0.040 thiocyanate 0.10 1.04 0.55 a 
39.0 0.114 Ammonia 0.10 0.84 0.31 8 
0.2 20.0 0.027 21 
30.0 0.096 ethanol 0.10 0.25 (0.15) 1.62 
39.0 0.242 2-Methy]l- 
30.0 0.34 ethanol 0.10 0.038 0.038+ 0.20 
39.0 0.90 Dimethyl- 
3.0 39.0 2.33 amino- 
10.0 20.0 0.55 22 ethanol 0.10 (0.014) (0.03) 0.14 
30.0 1.95 
39.0 5.25 * a-Picolinium-8-phenylethyl bromide. 


+ A larger induction period is observed in the presence of KI. 
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that the rate of solution of the silver iodobromide 
grains of a motion-picture-positive type of emulsion 
passed through a maximum at a sulfite concentration 
of 0.5—0.6 M and decreased at higher concentra- 
tions.) 

The rates of solution of silver iodide grains in solu- 
tions containing various amines, thiocyanate, thio- 
sulfate, and the quaternary salt, a-picolinium-f- 
phenylethyl bromide, determined at 20° C, are 
listed in Table III. Comparable values for fine- 
grain, motion-picture-positive iodobromide grains 
are also given. In general, the order of effective- 
ness of the compounds is the same for the silver 
iodide as for the iodobromide grains. The chief 
exception is the quaternary salt, which is relatively 
more effective for the silver iodide. Potassium iodide 
decreased the effect of thiosulfate slightly, and de- 
creased the effect of thiocyanate to a greater de- 
gree. Potassium iodide increased the effect of the 
quaternary salt, however, and the increase pro- 
duced by 0.2 gram KI /liter was nearly fourfold; 


Discussion 

Development of silver iodide emulsions shows some 
characteristics in common with development of 
silver bromide emulsions, and some differences. 
Filamentary silver is obtained for image develop- 
ment of the iodide emulsions which closely resembles 
the silver obtained on development of bromide 
emulsions. The rate of development of the silver 
iodide grains is much lower than that of the bromide 
grains, and much more severe development con- 
ditions are necessary to obtain optimum develop- 
ment of the iodide emulsions. Reducing agents 
which are active developers for the bromide emul- 
sions also act as developers for silver iodide insofar 
as the present tests show, but the activity towards 
the two halides is not strictly parallel. Thus, a 
Fe-EDTA developer, which is considerably less 
active than D-19 as a developer for silver bromide and 
iodobromide emulsions, is more active as a developer 
for the silver iodide emulsions. 2,4-Diaminophenol, 
which is more active than pyrogallol as a developer 
for silver bromide emulsions, is less active for silver 
iodide. The most active developers for the silver 
iodide emulsions appear to belong to the di- and 
trihydroxybenzene class rather than to the diamino- 
benzene or aminophenol classes. On the other hand, 
an unselective, but active reducing agent for silver 
bromide, stannite ion, proved to be equally unse- 
lective as a reducing agent for silver iodide. Var- 
ious solutions of sodium stannite and mixtures of 
stannite and stannate were tried as developers for 
the silver iodide emulsions under conditions where 
the rates of reduction varied from moderate to low, 
but no trace of image development was observed. 

Some solvents, e.g., sulfite, ammonia, and the 
amines, affect the rate of solution of silver iodide 
in much the same way as they affect silver bromide. 
Thiosulfate and thiocyanate promote the solution 
of both halides but are more effective for silver bro- 
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mide. The quaternary salt, a-picolinium-6-pheny!]- 
ethyl bromide, on the other hand, is much more ef- 
fective in increasing the rate of solution of the silver 
iodide, particularly in the presence of excess iodide 
ions which should promote adsorption of the quater- 
nary ion by the silver iodide. Excess iodide ion in 
the absence of other solvent or in the presence of 
weak solvents such as sulfite increases the rate of 
solution of silver iodide, but in the presence of more 
active solvents such as ammonia, thiocyanate, or 
thiosulfate, 0.2 gram KI/liter decreases the rate of 
solution. The activation energy of solution of sil- 
ver iodide in water or in potassium iodide solution 
is only slightly higher than that of silver bromide 
in water or in potassium bromide solution (21 — 
22 kcal/mole for silver iodide, compared with 18 
for silver bromide in water, 20 in 1 gram KBr /liter, 
and 16 at high bromide-ion concentrations). 

The activation energies of development of silver 
iodide emulsions by the organic developing agents 
tested are considerably higher than the activation 
energies of development by the titanous EDTA 
complex, and are also higher for the iodide emulsions 
than for a conventional iodobromide emulsion. The 
latter result is to be expected from an extrapola- 
tion of data given in the literature. Sugai and 
Furuichi'® give values of 14.3, 14.5, 15.2, and 21 
kcal/mole for image development by N-methyl- 
p-aminophenol (in carbonate solution) of silver 
iodobromide emulsions containing 0, 2.5, 7, and 
40 mole % silver iodide, respectively. Sheberstov 
and Donatova'! observed an increase in the activa- 
tion energies of both image development and fog 
formation as the iodide content increased over the 
range, 0 to 6 mole %. On the other hand, the ac- 
tivation energy of development of silver chloride is 
less than that of silver bromide.!” 

The activation energies of image development 
under most conditions are substantially smaller 
than the activation energies of fog formation for the 
silver iodide emulsions. This is the result commonly 
found for development of silver bromide and silver 
chloride materials. Sheberstov and 
have reported three cases where the activation en- 
ergies determined from the temperature-dependence 
of development of commercial films in N-methy]l- 
p-aminophenol developers were larger for image 
than for fog development, although the same de- 
velopers used with other commercial and exper- 
imental materials gave the more usual result, 
i.e., a smaller activation energy for image develop- 
ment. Our results with catechol as a developer for 
the silver iodide emulsions also show a higher ac- 
tivation energy for image development, contrary to 


10. Sugai, S., and Furuichi, J., J. Faculty Sci., Hokkaido Univ., Japan 
(II), 4: 253 (1953). 

11. Sheberstov, V. I., and Donatova, V. P., Zhur. Nauch. i Priklad. 
Fot. i Kinematog., 2: 277 (1957). 

12. James, T. H., Phot. Sci. and Eng., 3: 225 (1959). 

13. Sheberstov, V. I., Trudy Vsesoyuz. Nauch.—lIssled. Kino-Foto- 
instituta, No. 20: 77 (1957); Zhur. Nauch. i Priklad. Fot. i Kine- 
matog., 4: 341 (1958). 

14. Sheberstov, V. I., Borodkina, M. S., and Donatova, V. P., Zhur. 
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the results obtained with the other developers. 
The reason in our case appears to be clear. The 
silver formed by image development in the catechol 
solution is distinctly filamentary, and reduction of 
the silver iodide evidently occurs primarily by the 
direct interface mechanism. The fog silver, on the 
other hand, is nonfilamentary and shows the gen- 
eral characteristics of silver produced by solution 
physical development. The calculated activation 
energy of fog formation agrees, within the limits 
of experimental error, with the activation energy 
of solution of silver iodide; hence, the rate-limiting 
step in the fog development probably is the solution 
of the silver iodide. 

A similar difference in mechanisms may be re- 
sponsible for Sheberstov’s observation of a higher 
activation energy of image development. The ac- 
tivation energy of fog development by the solution 
physical mechanism could be determined by any of 
three steps, or by a combination. If the developer 
is sufficiently active and adequate fog nuclei al- 
ready exist at the start of development, the ac- 
tivation energy should correspond closely to that 
of solution of the silver halide. The latter, in our 
measurements for silver chloride, bromide, iodo- 
bromide, and iodide grains, can vary in the range, 
15 to 23 kcal/mole, depending on the composition 
of the developer solution and, to some extent, on 
the silver halide. If the developer is less active, 
the activation energy of the catalyzed reduction of 
silver ions at a silver surface can be important in 
determining the over-all activation energy of the 
solution physical development of the fog centers. 
This activation energy of reduction of silver ions 
is relatively low, according to the available data. 
It is about 7 kcal/mole for the reduction of silver 
ions by hydroquinone” and 7.5 kcal/mole for the 
reduction of silver ions by 4-amino-3-methyl-N- 
ethyl-N-(8-methylsulfonamidoethyl) aniline.“ We 
obtained” an over-all value of 19.6 kcal/mole for 
the reduction by N-methyl-p-aminophenol of silver 
ions from the silver sulfite complex, but this value 
makes no allowance for the temperature-depend- 
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ence of ionization of either the developing agent or 
the complex. The free energy of dissociation of the 
complex is about 11.4 kcal/mole, according to data 
by Bourdon, Chateau, and Mailliet," and a value 
of 5 kcal/mole is reasonable for the ionization of the 
hydroxyl group. With the aid of these values, and 
the known dependence of the rate upon the con- 
centration of silver ions and aminophenol ions, a 
corrected value of 6.5 kcal/mole is obtained for the 
activation energy of reduction of silver ions. 

If the rate of fog formation is determined by the 
rate of formation of suitable catalytic nuclei, the 
activation energy of nuclei formation would be the 
important factor in determining the over-all value 
for fog development. This value should be con- 
siderably higher than the value for the silver-cat- 
alyzed reduction of silver ions from solution, and 
probably higher than the activation energy of image 
development. 

The covering power of the image silver formed by 
the catechol developer increased with increasing 
temperature. This change was not observed for 
the other developers, and is readily explained in the 
case of catechol, since the activation energy of im- 
age development is several kilocalories per mole 
higher than that of solution of the silver iodide. 
A decrease in temperature, therefore, should favor 
solution physical development. An increase in, the 
relative importance of solution physical develop- 
ment should be accompanied by a decrease in cover- 
ing power since the silver formed is more compact. 
The activation energy of development by pyrogallol 
is about equal to, or somewhat less than, that of solu- 
tion, and a change in temperature should have little 
effect upon the relative importance of solution 
physical development in the over-all process, or 
upon the covering power. This agrees with ob- 
servation. 

The activation energy of fog formation by the 
Ti-EDTA developer is substantially the same as 
that of solution of the silver iodide, and fog forma- 
tion appears to take place largely by a solution phys- 
ical mechanism. The activation energy of image 
development is much lower, and solution physical 
development appears to be of little importance in 
image formation. 


18. Bourdon, J., Chateau, H., and Mailliet, A. M., Sci. et inds. phot., 
(2)28: 486 (1957). 
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Bromine Acceptance by Gelatin 


KINJI OHKUBO, Research Laboratory, Fuji Photo Film Company, Lid., 


Minamiashigara, Kanagawa, Japan 


In a model experiment, electrolytically generated bromine was used to simulate the positive holes 
which form during photolysis and diffuse out of a silver bromide crystal, and the consumption of 
this bromine by various gelatins was measured. Generally, inert gelatins accepted less bromine 
than the sensitizing type. An attempt was made to correlate the bromine acceptance of various 
gelatins with the sensitivities of pure silver bromide emulsions made with them. A correlation 
was found between the bromine acceptance of gelatin and the print-out density obtained from 
dried coatings. Experiments were also made to determine which functional groups in the gela- 
tins were bromine acceptors. The bromine consumption of many of the component amino 
acids as well as a number of synthetic polypeptides was measured, and it was concluded that bro- 
mine reacts with only three of the groupings found in gelatin. 


The action of light on a photographic silver bromide 
emulsion causes the liberation of positive holes in the 
interior of silver bromide crystals. When the holes 
diffuse through the crystal and react with gelatin at 
the grain surface, they behave chemically like bro- 
mine. Berg! doubted the efficacy of gelatin as a 
halogen acceptor, and Wood? concluded that 
although gelatin is a bromine acceptor in a chemical 
sense, it is not necessarily an effective bromine 
acceptor in a photographic sense. 

As for the site for the reaction of bromine with 
gelatin, Wood* assumed it to be a nitrogen atom of 
the polypeptide chain. However, Cooper’ suggested 
that bromine reacts with gelatin at a methylene 
group of the protein. 

The present investigation was undertaken to deter- 
mine more quantitatively the bromine acceptance 
value of gelatin. Electrolytically generated bromine 
was used to simulate the positive holes which diffuse 
out of a silver bromide crystal, and the consumption 
of this bromine by various gelatins was measured. 
The experiments described in this paper established 
that bromine reacts only with methionine, histidine, 
and tyrosine amino residues of gelatin, and that there 
is a correlation between the bromine consumption of 
gelatins and the print-out density obtained from 
photographic emulsions made with them. 


Experimental Procedures 


In the experiments reported in this paper, bromine gen- 
erated by electrolyzing an alkali bromide solution was 
used. Bromine consumption of gelatin was determined 
by use of the technique of coulometric titration. 

The coulometric titration was performed by the 
method described by Myers and Swift.‘ The titration 
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cell is outlined in Fig. 1, and the basic diagram of the ap- 
paratus is shown in Fig. 2. 

A sample of the gelatin to be titrated, weighing 0.1 to 
0.01 gram, was dissolved in 100 ml of 0.1M potassium 
bromide solution. Titration was performed by passing 
a known constant current (usually 10 ma) between two 
generator platinum electrodes. Thus bromine was gen- 
erated at a constant rate at the generator anode, and re- 
acted with the gelatin. During the titration, the solu- 
tion was stirred by a magnetic stirrer. With insufficient 
stirring, the reaction of bromine with the gelatin at the 
generator anode was uneven and the end point determina- 
tion was complicated by the adsorption of gelatin on the 
indicator electrode. The end point of the reaction was 
obtained by noting the increase in current, caused by ex- 
cess bromine, between a pair of indicator platinum elec- 
trodes which had a small potential difference (usually 300 
mv) impressed across them. The value of the potential 
difference between the indicator electrodes was chosen 
from the curve showing indicator current plotted against 
applied potential (see Fig. 3). 

If the bromide-generator anode reaction proceeds with 
100 % current efficiency and if the generated bromine re- 


Fig. 1. Titration cell. 


1. Double-walled beaker 
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2. Platinum generator 
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3. Platinum generator 
anode (7 mm X 7 


cathode (25 mm X 
18 mm) 

5. Platinum indicator 
anode (14 mm X 
18 mm) 

6. Thermometer (gradu- 
ated in 0.10°C) 

7. Magnetic stirrer 
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A.C. 
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Fig. 2. Basic diagram 
of electrical circuit. 
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acts stoichiometrically with the gelatin to be determined, 
the quantity of bromine reacted can be computed by 
Faraday’s law from the number of coulombs passed. By 
performing the electrolysis with constant current, the 
quantity of electricity passed can be determined by tim- 
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ing the electrolysis. 


tion 


for the oxidation of bromide ion 


Br- —e—>Br 
This reaction is retarded in acidic solutions. 
reason, the pH value of the gelatin solution was buffered at 


TABLE I. 


Br- + 3H.0 — 6e— BrO;- + 6H* 
also occurs, resulting in a decrease of current efficiency 


In basic solutions, the bromide-generator anode reac- 


For this 


a 
° 


Br/mi 


fe} 


INDICATOR CURRENT ( yA ) 


% 200 400 600 ~ 800 


APPLIED POTENTIAL ( mV) 


Fig. 3. Effect of applied voltage between indicator electrodes on 
indicator current. 


5.0 by KH2PO, and Na,HPO,. Throughout the experi- 
ments, the temperature of the solution was maintained at 


25.0° + 0.1°C by circulating thermostated water around 
the titration cell. 


Results and Discussion 
Bromine Consumption of Gelatin 


The bromine consumption of various gelatins was 
measured. The results obtained, which are based 
on the assumption of 100% efficiency in the elec- 
trolysis, as well as characteristics of the gelatins are 
given in Table I. From Table I, it was concluded 
that the bromine consumption of gelatin varied with 
the sort of gelatin from 0.3 to 0.4 milligram-atom of 


bromine per gram of dehydrated gelatin (Conclu- 
sion 1). 


Bromine Consumption of Gelatin 


Br consumption 


Br consump- mg-atom 


Raw H:.0% of tion coulomb/g Br/g dehyd. 
Gelatin material gelatin* Sensitizer+ Retarder+ gel.t gel. 
A Bone 16.6 + (?) — 30.4 0.378 
B Hide 16.3 + (?) ++ 27.0 0.334 
Cc Hide 17.3 + (?) oa 27.6 0.346 
D Bone 17.0 + (?) os 23.4 0.292 
E Hide 15.5 ++ (R) + 38.4 0.471 
F Hide 15.3 ++ (R) + 28.2 0.345 
G Bone 16.0 ++ (R) + 32.0 0.395 
H Bone 16.7 26.8 0.334 
I Bone 16.8 = - 24.8 0.309 
J Bone 16.9 ++ (R) ~ 23.6 0.294 
K Hide 16.5 +++ (SS) + 27.0 0.336 
L Hide 17.8 +++ (S) + 29.6 0.374 
M Hide 16.8 +++ S$ ++ 30.4 0.379 
and R) 
N Hide +++ (S 31.6 0.395 
and R) 
O Hide 16.5 + (?) +++ 18.8 0.234 
P Hide 15.1 ++ (S ++ 29.2 0,356 
and R) 


* The H:0% of gelatin is determined by the loss of weight of the gelatin 
on drying in a vacuum desiccator containing P30, 
t Containing HO in a state of equilibrium with 60% RH. 


+ +++ = large amount 
++ = rich 
+ = small amount 


S = sulfur sensitizer 
R = reduction sensitizer 
= unknown 


31 

| 
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Kelly® treated a commercial gelatin with bromine 
to obtain a photographically “inert” gelatin. In his 
experiment, the bromine was generated in situ by the 
reaction of KBrO; and KBr. Ten liters of a 10% 
gelatin solution was treated with bromine generated 
from 13.9 grams of KBrO;. Thus, if 1 gram of gela- 
tin is reacted with about 0.5 milligram-atom of bro- 
mine, the gelatin becomes photographically “‘inert.’’ 

Gelatins A, B, C, D, H, I, J, and O are classified as 
the inert type, and gelatins E, F, G, K, L, M, N, and 
P as the sensitizing type.* The Student’s t-test® was 
used to compare the average bromine consumption 
values for the two types. The calculation is as 
follows: 


Inert Sensitizing 

Type of gelatin type type 
Number of data 8 8 
Average bromine 

consumption 0.3151 0.3814 

Sum of squares 0.01321 0.01249 
Degrees of freedom 7 7 

eo = 0.01321 + 0.01249 _ 0.001836 

7+ 7 
s = 0.0428 
0.3814 — (3 8\'2 
0.0428 8+ 8 


The critical value of t (14° of freedom) at 1% level, 
is 2.977. Since the value found for t was larger 
than the critical 1% value, it was concluded that the 
observed difference between the bromine consump- 
tion of the two types of gelatin is significant. That 
is, inert gelatins generally accept less bromine than do 
the sensitizing type (Conclusion 2). 

Sulfur sensitizers as well as reducing sensitizers 
contained in gelatin are oxidized by electrolytically 
generated bromine. However, the variation of the 
bromine consumption value of gelatin cannot be 
fully explained by the existence of these sensitizers 
alone. 


Correlation between Bromine Consumption of Gelatin 
and Print-Out Density of Photographic Emulsion 


In order to investigate the significance of the 
bromine consumption of gelatin in the present experi- 
ments, pure silver bromide emulsions were prepared 
with the gelatins and printed out. In making an 
emulsion, the same gelatin was used both before and 
after precipitation. Before coating, the pH value 
of the emulsion was adjusted to 5.0. Each emulsion 
coating contained 0.135 grams of AgBr per 100 sq 
cm. Emulsion coatings were exposed to sunlight 
for 4 sec, and the increase of print-out density was 
m 
A scatter diagram showing the relation between 
the bromine consumption of gelatin and the increase 


5. W.D. Kelly, Jr., J. Phot. Sci., 6: 16 (1958). 


6. W.dJ. Youden, Statistical Methods for the Chemist, first ed., John Wiley 
& Sons, Inc., New York, 1951, Chap. 3, p. 24. 


* “Sensitizing” gelatin is rich in sulfur and/or reduction sensitizer, “‘in- 
ert” gelatin is not. 
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Fig. 4. A correlation between bromine consumption of gelatin and 
print-out density. 


of print-out density is given in Fig. 4. The correla- 
tion coefficient, r, as a measure of dependency be- 
tween these two characteristics was estimated to be 
0.544. The significance of the value found for r, 
0.544, was tested. Critical values of r, 14° of free- 
dom, for 2% and 5% levels are 0.5742 and 0.4973, 
respectively.’ The value found for r was larger than 
the critical 5% value. 

It was concluded that there might be some correla- 
tion between the increase of print-out density in the 
early stage and the bromine consumption of gelatin 
(Conclusion 3). If the bromine which was liberated 
in the interior of the silver bromide crystal was 
accepted by the gelatin and the print-out efficiency 
thereby increased, this conclusion becomes reason- 
able. 

In the course of emulsion making, silver sulfide and 
metallic silver might be formed, and these might 
affect the print-out speed. The quantity of silver 
sulfide and metallic silver was determined, and com- 
parison was made between the increase of the print- 
out density and the quantity of silver sulfide and 
metallic silver. No correlation was found between 
them. This agrees with the fact that silver sulfide 
and metallic silver influence the early stage of latent- 
image formation, but not the printing-out process. 
One should notice the difference in the mechanism of 
latent-image formation and the printing-out process. 


Bromine Consumption of Amino Acids and of Polypeptide 


The next question is: with what functional groups 
of gelatin does bromine react? Consumption values 
of bromine were determined on 17 component amino 
acids of gelatin. Results are given in Table II. 
Only tyrosine, histidine, and methionine reacted with 
electrolytically generated bromine (Conclusion 4). 
One mole of these amino acids reacted with 8, 4, and 
2 gram-atoms of bromine, respectively. 

Equations for the reaction of these amino acids 
with bromine might be written as follows (the reac- 
tion products were not identified): 


7. R.A! Fisher and F. Yates, Statistical Tables for Biological, Agricultural 
and Medical Research, 4th ed., Oliver & Boyd, Ltd., Edinburgh, 1953, 
p. 54. 
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TABLE Il. Bromine Consumption of Amino Acids 


—— 


Br consumption, 
g.-atom Br/- 
mole amino 

Amino Acid acid 


Alanine, dl-, a- 

Glycine 

Valine, dl- 

Leucine, I- 

Isoleucine, dl- 

Proline, 1- 

Phenylalanine, dl- 

Tyrosine, 

Serine, dl- 

Threonine, dl- 

Methionine, dl- 

Arginine, monohydrochloride 
Histidine, 1-, monohydrochloride 
Lysine, 1-, monohydrochloride 
Aspartic acid, 

Glutamic acid, 
Hydroxyproline, 1- 


oooor 


_S—CH,CH(NH:)COOH + 8 Br > 
(tyrosine) 


_S—CH,CH(NH:)COOH + 4HBr 


* 
Br Br 


H—C—C—CH:CH(NH:)COOH + 4Br— 


(histidine) 
Br—C—C—CH:CH(NH.)COOH + 2HBr 
| 


CH;SCH.CH.CH(NH:)COOH + 2Br + H:O— 
(methionine) 
CH;S(:0)CH.CH:CH(NH.)COOH + 2HBr (3) 


Bromine consumption also was determined on a mix- 
ture of two of these amino acids. Results obtained 
are given in Table III. It was shown that the con- 
sumption value of bromine for a mixture of amino 
acids was represented by the sum of each value. 

Tests made on glycylglycine showed that bromine 
did not react with it. It was concluded that a poly- 
peptide linkage, —CONH—, does not react with 
bromine. 

Bromine consumption by a few synthetic polypep- 
tides* containing the amino acid residue was deter- 
mined. Results given in Table IV show that these 
polypeptides reacted with bromine. In Table IV, a 
calculation was made on the supposition that poly- 


* Supplied by Professor Junzo Noguchi, Kanazawa_University. 
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TABLE Ill. Bromine Consumption of a Mixture of Amino 
Acids 


Br consumption, 
ug-atom Br 


Sample Found Calcd. 


. \Methionine (2. 
( Histidine (1. 
. \Methionine (1. 
. Methionine (1 
Histidine (1. 
. \Methionine (2. 
‘Tyrosine 
. Histidine (2. 
Tyrosine (1 


10 mole) 
10 -*mole) 
10 mole) 
10 mole) 
10 mole) 
10 mole) 
10 mole) 
10 mole) 
10 mole) 
10 mole) 


ononooucoon 


TABLE IV. Bromine Consumption of Synthetic 
Polypeptide 


Br Consump- 
tion, g-atom 
Br/mole of tyr., 
his., or met. 
amino residue 


Found Caled. 


Sample Mg 


Ala. + 1 Tyr.)a1 
polyoxyethylene mono- 6.2 8.0 
laurate 2.9 
(1 Asp. + 1 His.);.; 6.4 ; 4.0 
(1 Glu. + 1 His.). 6.5 4.0 
§(10 Ala. + 1 Met.)? 
/ polyoxyethylene mono- 2 2.0 
laurate 


TABLE V 


I II III 
Ox skin Calf skin Ox bone 


Tyrosine 1.5 0.8 
Histidine 5.5 5.6 
Methionine 4.5 4.0 
Total number of 
residues in 105 
grams of gelatin 1,100 1,022 1,082 


Gelatin 


peptides react with bromine only at their tyrosine, 
histidine, and methionine amino residues, and that 
these amino residues consume 8, 4, and 2 atoms of 
bromine, respectively. The disagreement between 
the experimental and the calculated values could not 
be explained. 

The above mentioned supposition was used to 
estimate the bromine consumption value of gelatin. 
In Table V will be found the number of amino acid 


t The ratio of amino residues in each polypeptide is represented as a mo- 
lar ratio of monomers. Deviation of the ratio from this value is possible 
in the resulting polypeptide. 
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residues per thousand total residues, based on the 

amino acid analysis of gelatin by Eastoe and Leach.* 
Bromine consumption values were estimated as 

follows: 

Gelatin I 


10-§ 1.100 X 
(1.5 X¥8+5.5 4+ 4.5 X 2) = 0.000473. 


Gelatin II 


10-* X 1.022 X 
(0.8 X 8+5.6 4+ 4.0 X 2) =0.000376. 


Gelatin III 


10-* X 1.082 X 
(1.2 X8+3.9 X 4+ 4.2 X 2) =0.000364. 


These values are expressed in terms of gram-atoms 
of bromine per gram of dehydrated gelatin. 
If differences between the gelatins used by Eastoe 


8. J. E. Eastoe and A. A. Leach, Recent Advances in Gelatin and Glue 
Research, Proc. Conf., Cambridge 1957, ed. by G. Stainsby. Pergamon 
Press, Ltd., London, 1958, p. 173. 
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and Leach and the gelatins used by the present 
author are taken into account, the difference between 
the found values and the calculated values for bromine 
consumption becomes reasonable. 


It was concluded that gelatins react with elec- | 


trolytically generated bromine at their tyrosine, histi- 
dine, and methionine amino residues (Conclusion 5); 
and that the consumption values of bromine by 
tyrosine, histidine, and methionine amino residues 
are 8, 4, and 2, respectively (Conclusion 6). 

One might also conclude that a wide variety of 
bromine consumption values of gelatin might be 
ascribed partly to the wide variety in the amino resi- 
due components of gelatin. 
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Description of D-Log E Curves by 


Specifically Chosen Parameters 


B. E. Bayer, J. L. Stmonps, AND F. C. WILLIAMS, Research Laboratories, 


Eastman Kodak Company, Rochester, N.Y. 


Electronic computing machines offer to the sensitometrist not only speed, precision, and economy, 


but also new freedom in choosing parameters for describing sensitometric effects. 


Many 


properties of primary interest which are not easy to measure by graphical methods can be 
readily specified for digital analysis, and their amounts can be uniquely determined even 
though several properties vary simultaneously. 


Photographic sensitometry has, since its beginning, 
relied heavily upon graphical methods. Density 
vs. log exposure curves are commonly plotted and 
drawn by hand, after which values of speed, con- 
trast, and fog are measured from them. In recent 
years, however, high-speed digital computers have 
made it practical to compute these same values 
directly from the digital density data. A significant 
improvement in time, cost, and precision can result 
in large-scale operations where automatic data- 
recording is practical. 

But if digital methods are to surpass graphical 
methods in factors other than time, cost, and pre- 
cision, they must not be restricted to imitating graph- 
ical techniques. Because high-speed data-processing 
is a new tool with new capabilities, photographic 
sensitometry may profitably exploit it to do new 
things. 

It is therefore sensible to reconsider thoroughly 
the problem of defining a set of abbreviated descrip- 
tions of the significant features of sensitometric 
curves in terms of what may be called sensitometric 
parameters. Most investigators may agree that, 
even through the choice of specific parameters will 
depend upon the immediate problem, the following 
three properties are quite general requirements. 

The parameters should be few in number. ™ 
They should retain the significant information 
of the original density data. 


They should convey this information in clear, 
convenient, and useful terms. 


Photographic scientists have not been satisfied 
with the degree to which the traditional parameters 
of speed, contrast, and fog have satisfied the second 
requirement—that all the important information of 
the original D-log E data be retained in the param- 
eter values. This requirement can be met only 


Communication No. 2103 from the Kodak Research Laboratories, pre- 
sented in part at the Annual Conf , Rochester, N.Y., 8 October 1958. 
Received 5 August 1960. 


if one can construct the entire D-log E curve on the 
basis of the information contained in the parametric 
data, and generally this cannot be done with con- 
fidence. 

One way to satisfy the requirement, in a way 
adaptable to automatic computation, is to postulate 
that a particular mathematical model will satis- 
factorily simulate each D-log E curve at hand, pro- 
vided its parameters are properly chosen. As an 
illustration of this approach, consider the function: 


(1) 


illustrated in Fig. 1. The curve of this model has 
an S-shape similar to that of a typical D-log E 
curve. If one now adds three parameters to form 


k 


1 — %)? 


y (2) 


one has the equation for the curve known in the field 


Log exposure x 


Fig. 1. Plot of the logistic curve of growth, showing its similarity in 
appearance to a D-log E curve. i 
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Fig. 2. D-log E curve for an experimental control. The reference 
curve, y = F(x), is obtained by subtracting the minimum density, yin. 


of statistics as the logistic curve of growth. Now 
suppose that Eq. (2) be fitted to each of a group 
of D-log E curves, associating y with density above 
fog and x with log exposure. If the fit is good, 
then different values of k, a, and x, will correspond to 
different D-log E curves; and, since one can con- 
struct the original curves from knowing only the 
values of k, a, and x», these parameter values con- 
tain the same basic information as the original set of 
densities. If these parameters are also convenient 
and useful as sensitometric indices, then they 
comprise a set which satisfies the requirements 
listed before. Unfortunately, however, simple em- 
pirical models such as this one often fail to fit D-log 
E curves met in practice. Or even if a good fit 
is found, the parameters of the well-fitting model 
may not measure directly the kinds of changes in 
which the investigator is primarily interested. 

It should be emphasized that many models can 
be found which, by simultaneous adjustment of 
three or four parameters, will satisfactorily fit D-log 
E curves encountered in practice. The real problem 
is to find a model which will not only fit D-log E 
curves, but also describe the curves in simple mean- 
ingful terms, such as speed, contrast, or fog. 

But even as computers are not restricted to 
imitating graphical methods, neither are they re- 
stricted to standard functional forms. Whereas 
reason dictates that the results of an analysis be 
simple and concise, there is no requirement that 
the actual data-handling be so. Today, automatic 
computers can perform complicated numerical opera- 
tions repeatedly and rapidly. This facility allows 
the experimenter broad limits within which to 
choose practical definitions for a set of sensitometric 
parameters. 

This paper describes a simple alternative to 
using a prescribed mathematical function as a 
model for a D-log E curve. By a device which will 
be explained, the method of simulating a D-log E 
curve by a mathematical equation is changed from a 
specialized technique to a flexible way of exploiting 
the capabilities of data processors to achieve an 
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Log exposure 


Fig. 3. A simple kind of speed change, obtained by shifting a 
reference curve, y = F(x), to the left by a log E increment h. 


analysis specifically tailored to meet specific re- 
quirements. 


An Illustration of the Method 


Let us suppose that sensitometric tests have been 
made of a large number of experimental films 
and that their speed, contrast, and fog values are 
to be compared with those of a control film. Each 
experimental film is represented by a test strip 
from which are made measurements of densities, 
z;, resulting from a series of exposures, x;. The data 
for such a strip might be tabulated as follows: 


Log Exposure Density 
21 
Xe 22 
Xs 23 
Ordinarily, a D-log E curve for each test strip would 


be drawn; and by means of straight-edge, or special 

transparent overlay, indices of speed, contrast, and 

fog would be obtained. In the case of a great number 
of strips, it is desirable, if possible, to employ auto- 
matic data-processing instead of graphical measure- 
ment. 

For the purpose of automatic data-processing, 

a new point of view may be taken in regard to the 

definition of speed, contrast, and fog. The following 

simple concepts of these parameters are suggested: 

1. Speed is simply a measure of required exposure 
level. Two curves alike in shape but dis- 
placed along the log-exposure axis differ in 
speed, and only in speed. 

2. Fog is an underlying density upon which the 
useful part of the D-log E relationship is 
superimposed. Two curves alike except for a 

small displacement along the density axis 

differ in fog, and only in fog. 
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= cF(x+h) 


F(x +h) 


Log exposure 


Fig. 4. A simple kind of contrast change, obtained by multiplying 
the density of the lower curve at each log E value by a constant factor c. 


3. Contrast is represented by the gradient of the 
D-log E curve. Two curves with the same 
minimum density, in which the gradient of 
one at each value of log exposure is a constant 
multiple of the gradient of the other at the 
same log exposure, differ in contrast, and only 
in contrast. 


In order to provide a common reference for the 
parameter values, each of the experimental films 
may be compared with an experimental standard or 
control, whose D-log E curve is given in Fig. 2. 
The densities of this film may be represented by the 
equation: 


Density = ymin + F(x), (3) 


where ymin is the density of an unexposed, processed 
portion of the film and x is log exposure. In the 
remaining discussions, reference will be made to 
y = F(x) as the “reference curve.” 

Effecting the three simple speed, contrast, and 
fog changes just described in the reference curve 
will produce an infinite variety of curves. Within 
this domain of possible curve shapes, a reasonable 
match can be expected for each of the curves of the 
experimental films. 

Shifting the reference curve, y = F(x) from Fig. 
2, to the left by an amount A will produce the curve 
of Fig. 3. It has a density, at log exposure x, of 


Yn = F(x +h). (4) 


A curve that is like the one of Fig. 3 can be said to 
have a speed of hf relative to the reference curve. 

In a similar way, multiplying the curve of Fig. 3 
by a constant multiplier, c, will yield a curve which 
differs from the reference curve not only in speed 
but also in contrast. This treatment yields the 
curve of Fig. 4, which has the equation 


Yne = CF(x + h). (5) 


At each value of log exposure, the gradient of the 
curve of Fig. 4 is a constant multiplier, c, of the 
gradient of the curve of Fig. 3. A curve nearly 
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= CF (x+h) 


Log exposure 


Fig. 5. A simple kind of fog change, obtained by shifting the lower 
curve upward by an amount f. 


identical with that of Fig. 4 can be said to have a 
speed of A and a contrast of c relative to the reference 
curve. 

Adding to the curve of Fig. 4 a constant density 
increment, f, will yield the curve 


=f + cF(x +h), (6) 


shown in Fig. 5. A curve nearly identical with Fig. 
5 can be said to have a speed of h, a contrast of c, 
and a fog of f relative to the curve of Fig. 4. 

Now let us consider the more realistic case in 
which a particular curve is to be compared with 
the reference curve. Of the infinite variety of 
curves which may be produced by varying f, c, 
and h in Eq. (4), a unique set of variations must be 
found which will produce an optimum match with 
the sample curve to be evaluated. If this can be 
done, the corresponding best values of /, c, and h 
can be used as measures of fog, contrast, and speed. 

These indices have the following properties as 
sensitometric parameters: 


1. They are few in number. 


2. Provided only that the variant of the reference 
curve closely simulates the sample curve to be 
measured, the values of h, c, and f contain as 
much basic information as the original den- 
sities of the sample. 


3. The parameters are defined according to the 
stated concepts of speed, contrast, and fog, 
and therefore convey their information in 
clear, convenient, and useful terms. 


The foregoing defines a set of sensitometric in- 
dices. There are three problems to solve before 
the system described can be employed as a working 
method. (1) some reasonable criterion for the best 
match, in mathematical form, is required; (2) a 
numerical method for finding the best values of 
f, c, and h by automatic computation is needed; 
and (3) some way to treat the case in which the 
actual and fitted curves differ excessively must be 
found. 
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An Application of the Least-Squares Method 


In order to define the “best match” in mathe- 
matical terms, it is first necessary to have some 
applicable measure of the discrepancy between the 
actual curve and any arbitrary variant of the refer- 
ence curve. At any value of log exposure, the 
difference between the density z of the curve to be 
measured and the density yn-; of the adjusted refer- 
ence curve will be 


=z — [f +cF(x + h)). (7) 


Densities 2), 22, . . .z; are measured at a finite number 
of values of log exposure x, x2, ...x:. It is clear 
that any measure of the discrepancy between the 
two curves will be some function of the differences: 


= 2, —f — cF(x: + h) 
eo = 2, —f — cF(x, +h) 


= 2% —f — cF(x +h). (8) 


Any one of several possible functions might be 
used. For example, one might define as the best 
set of values, h, c, and f, that which makes as small 
as possible the largest of e;, e2, ...,e:. This criterion 
is simple in principle. Unfortunately, it can be 
awkward in the face of random experimental errors 
in the data, and difficult to program for automatic 
computation. 

The criterion of least squares fits the chosen 
mathematical model to the empirical D-log E curve 
with what is usually an acceptable degree of approxi- 
mation; it affords a useful test of goodness of fit; 
and, fortunately, it is simple to apply. This cri- 
terion employs as a measure of the discrepancy 
between the actual and the fitted curve the sum 
of squares of the e;. 


k 
SS = = 4°. (9) 


i=1 


The best match is that for which SS is a minimum. 
This requirement that SS be made as small as 
possible leads to a logical treatment of data which 
contain random measurement errors. The fits ob- 
tained usually appear reasonable. Furthermore, 
the method is easily adapted to digital methods. 


Numerical Methods for Computing 
Parameter Values 


The problem is to fit the equations, 
&% = f + cF(x; + h) andi = 1, 2, ..., Rk, (10) 


to a set of densities z,, 2, ..., Z:, choosing f, c, and 
h so that the sum of squares of residuals, 


k 
SS = — (11) 
is made as small as possible. In Eqs. (10) and (11), 


% is the value of ys; at x;. The general solution is 
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complicated by the fact that 2; is a nonlinear func- 
tion of h. 

There is a simple approximate method for find- 
ing values of f, c, and h which works well when A 
is known to be small. The function F(x; + h) can 
be represented by the Taylor’s series, 


F(x; +h) = F(xi) + AF’ (xi) + (h?/2)F"(xi) + ... 


When A is small, the first two terms of this series 
may be taken as an approximation to the effect of a 


horizontal shift. Thus, Eq. (10) may be replaced 
by the approximation, 
2 =f + cF(x;) + chF’ (xi). (12) 


Here, F(x;) is simply the value of the reference 
curve at log exposure x;, and F’(x;) is the corre- 
sponding gradient. 

Equation (12) is an ordinary regression equation, 
linear in f, c, and the product, ch. Methods for 
fitting such equations are well documented. Best 
values of f, c, and ch are given by simple linear 
equations of the form, 


f = Wrz + W222 + + W 
C = Wek + Werte + ...... + Were; 
Ch = + + + 


The coefficients w;; depend only upon the densities 
of the reference curve and on the particular set of 
values, x,, X2, ... Xx, chosen. Equations (13) are 
therefore simple to use to evaluate any number of 
sets of data relative to the same reference curve, 
for which the multipliers wy. .. . w.;, can be obtained 
in an advance calculation. They are easy to pro- 
gram for a digital computer because they involve only 
multiplication and addition. 

When & is large, Eq. (12) may be found inadequate. 
One must then consider a solution which does not 
depend on such a simple approximation as Eq. (12). 
A description of one method of analysis in this more 
complex situation is given in the Appendix to this 
paper. 


Degree of Fit 


The value of the system just defined depends 
partly on whether the fitted equation provides a 
satisfactory approximation to the measured densi- 
ties it represents. The sum of squares SS is an 
indicator of the degree of fit, inasmuch as no de- 
viation can exceed the square root of SS, and no 
deviation will usually exceed, say, one half of this 
value. Of course, a look at the individual differ- 
ences (z; — 2;) is better than a look at their sum of 


squares. 
Experience with the equation, 
=f + cF(x +h), (14) 
has shown it to be adequate for most curves of black- 
and-white negative materials, for which it is com- 
mon practice not to measure densities in the region 


of maximum density. When the set of parameters 
chosen does not provide a good fit, then the range 
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of densities over which the fit is made may be 
important. Thus, when shoulder-region densities 
are included in the data, a different treatment may 
be desirable. When the fit is poorer than desired, 
the solution has usually been the addition of one 
more parameter. The nature of this additional 
parameter, when not suggested by a priori knowledge 
of the group of curves, is best determined from an 
examination of the discrepancy for a sample of 
curves. Either a subjective appraisal or a numeri- 
cal analysis of the density deviations will usually 
disclose a common pattern in the discrepancies, 
and on this the definition of a new parameter may 
be based. 

It is possible to choose a greater number of pa- 
rameters than can be accurately estimated. If three 
parameters will provide a good fit, then the addition 
of a fourth parameter may improve the fit slightly, 
but will probably lead to poorer estimation of the 
individual parameter values. 


The Method in General 


The foregoing is intended as an example of a 
general method which has these features: 
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1. The investigator chooses an actual D-log E 
relationship F(x) against which he wants to 
compare the density data from each of his 
test strips. His choice might be an _ experi- 
mental standard or control. 


2. The investigator then chooses and names a 
small number of ways in which this reference 
curve may be altered to produce other curves 
which he can easily visualize. He associates 
the amount of these changes with parameter 
values b,, bs, 


3. After choosing in this way a small number of 
sensitometric parameters 6,, bo, ...... b,, he 
then employs digital methods to find that 
combination of simultaneous changes in the 
reference curve which produces a curve /(x; 
b,) in best agreement with each 
set of density data he wishes to evaluate. 

4. He finally interprets the amounts of },, bu, . 
6b, as a specification, in his own terms, of the 


density—exposure relationship of each test 
strip. 


The parameter definitions may be tailored to the 
needs of the individual experimenter. 


APPENDIX. A More Accurate Method for Computing h, c, and f 


In the section on numerical methods for computing 
parameter values, we indicated a simple approximate 
method for fitting the equation, 


yur =f + cF(x + h), (la) 


to a set of measured densities. 'That method was said to 
yield good approximations to the least-squares values of 
h, c, and f when A is small. This Appendix describes a 
method which can be used to yield accurate values 
within a wide range of the parameter h. The method is 
easily adapted to a computing machine, such as the IBM 
705 Data Processor. 

In deriving this method, the following notation will be 
used: 


1. The measured densities of the sample will be called: 


2. The corresponding log exposure values will be called: 


3. Substituting these k values of log exposure into Eq. 
(la) will yield k values of ya-7; these are functions of 
h, c, and f and will be called: 2, Z2, ..., Z. 

4. Similarly substituting the k values of log exposure 
into F(x + h) will yield k functions of h; these will 
be called: uw, ue, ..., Ue. 

5. The first partial derivatives of F(x + h) with respect 
to h are also functions of h; these will be called: 


Using the above notation, we can write Eq. (la) for 
each value of log exposure, as follows: 


f+ cF(m +h) =f + cu. 
f + cF(x2 + h) = f + cur. (2a) 


=f + cF(x + h) = f + cur. 


aA 
2 

aA 
22 


The problem is to find those values of h, c, and f which 
minimize. 


k k 
SS = — 2)? = = (2, —f — cu,;)%. (8a) 
i=1 i=1 

Given a set of densities, 2,, 22, ..., 2, treat SS asa 
function of h, c, and f and find its minimum. At the 
minimum, the first partial derivatives of SS with respect 
to h, c, and f are simultaneously zero. This fact permits 
writing three simultaneous equations which the least- 

squares values of h, c, and f must satisfy: 


oSS/of = — 22 (zi — f — cui) = 0 (4a) 


oSS/dc — 22 (2; — f — cui) ui) = 0 (5a) 


oSS/dh ~ 2cz (zi — f — cui) (ui’) = 0 (6a) 


The parameter h enters into these equations in a com- 
plex way, but the first two equations can be solved for f 
and c in terms of h, and these values of f and c can be 
substituted into the third equation. This results in an 
equation for f in terms of h, an equation for c in terms of 
h, and a third equation, not involving f or c, which h must 
satisfy: 


f = 22Wi, (7a) 
= L2:Xi, (8a) 
Oo (9a) 


where, in (7a), (8a), and (9a), the quantities Wi, X;, and 
Y; are defined by the following series of relationships: 
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+ h) 
(1/k) Zui 
(v;/U) vi’ (U'/U)v; 

W; = (1/k) — (UX) (10a) 


OF (xi + h)/odh 
(1/k) Zu,’ 


Equations (7a), (8a), and (9a) are the basis for finding 
the least-squares values of f, c, and h. The quantities 
W,, X;, and Y; fori = 1, 2, ..., k are each functions of h, 
which do not vary with the measured densities z; or the 
values of the parameters c and h. The least-squares 
value of h must satisfy Eq. (9a). When substituted into 
Eqs. (7a) and (8a), it will yield the least-squares values of 
f and c. 

Thus far, the necessary relationships have been estab- 
lished which the parameters /, c, and h must bear to the 
measured densities z:, 22, ..., 2:, but a practical method 
for their use in an automatic computer has not been 
indicated. In particular, it has not been indicated how 
the functions of h represented by W, X, and Y may be 
simulated for digital computations. A practical way is 
to approximate each of these functions of h by a poly- 
nomial of degree r: 


W: = ain + anh + awh? + ... + aih’ (11a) 
= Bio + Bah + + ... + (12a) 
Yi = yo + Yah + + ... + (18a) 


Eqs. (7a), (8a), and (9a) can be written in a form which 
involves only multiplication and addition: 


f =Av + Arh + Ad? + ... + Anh” (14a) 
c = Bh + Bh? + ... + BA’ (15a) 
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where Aj = Zaijzi (17a) 


B; = (18a) 


Cy = (19a) 
i 


The values of ai;, 8i;, and yi; may be chosen as con- 
stants for a particular reference curve and set of log E 
values x1, X2, ..., xx. A practical way of choosing these 
values is to (1) select several values of Ah in the region of 
interest; (2) obtain corresponding values of u; and wu,’ 
from measurements of the reference curve; (3) evaluate 
the W;, X:, and Y; using Eqs. (10a); and (4) fit Eqs. 
(lla), (12a), and (13a) by ordinary curve-fitting meth- 
ods. This work need be done only once for each refer- 
ence curve. 

Least-squares values of f, c, and A for any number of 
sets of measured densities z:, 22, ..., 2; may then be ob- 
tained by the following procedure: 


1. Given 2, 22, ..., 2%, values of A;, B;, and C; for j = 
1, 2, ..., r are obtained from Eqs. (17a), (18a), and 
(19a). 

Using an appropriate root-solving method, a value 
of h is found to satisfy the polynomial (16a). 
Values of f and c are obtained by substituting this 
least-squares value of h into Eqs. (14a) and (15a). 


This method of evaluating f, c, and A has these advan- 
tages over other possible methods: 


1. The equations are easily programmed for an auto- 
matic computer. 

2. The only approximations involved are in simulating 
W, X, and Y by polynomials. These polynomials 
may be taken of sufficient degree to assure adequate 
accuracy over the range of interest. 

Except for one calculation of the root of a poly- 
nomial, computations are direct and involve only 
multiplication and addition. 
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PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 5, Number 1, January-February 1961 


A System for Recording Photographic Aspects 


of Tropical Daylight 


P. F. Swirt,* Kodak Tropical Research Laboratory, Panama, R.P. 


Photographic aspects of tropical daylight are recorded by a system consisting of a luminous 
density recorder, a daylight color ratio recorder, a time-lapse sky camera, a sunshine recorder, 
and a rain recorder. Each component of the system is described and some typical data are 


presented. 


In the course of studying problems related to the 
proper exposure of photographic films in tropical 
areas, it was found necessary to collect data on the 
quantity and quality of tropical daylight. For this 
purpose, a number of instruments were combined 
into one system for recording continuously various 
aspects of tropical daylight considered to be of photo- 
graphic significance. This system is now in opera- 
tion at the Kodak Tropical Research Laboratory 
in Panama, Republic of Panama. The system con- 
sists of five instruments. They are: 


1. A luminous-density (volume density of lumi- 
nous energy) recorder. 

A daylight color ratio recorder. 

A time-lapse sky camera. 

A sunshine recorder. 

A rain recorder. 


The control and recording equipment for the 
system is shown in Fig. 1. A brief description of 
each of the component instruments follows. 


Luminous-Density Recorder 


Jones and Condit! have shown that the most satis- 
factory criterion of correct camera exposure for 
negative photographic materials is the minimum 
object luminance of the scene. This minimum lumi- 
nance is determined by the reflectance of objects 
in the “shadow regions” of the scene and the amount 
of light reaching and reflected from these objects. 
Light arriving at the scene from all directions must 
be considered since there is no reason to associate 
any particular orientation with the elements of the 
minimum-luminance objects of the scene. In the 
present study, therefore, the quantity of light avail- 
able for illumination of outdoor scenes in the tropics 
was measured in terms of luminous density, as 
defined by Jones and Condit: 


Communication No. 2073 from the Kodak Research Laboratories. 
Received 2 September 1960. 


*Now at the Research Laboratories, Eastman Kodak Company, 
Rochester, N.Y. 


Luminous density = V = dQ/dv. 
Q@ = Luminous energy (lumergs). 


Although the proper dimensions of V are lumergs 
per cubic foot, Jones and Condit have made use of 
the term “foot lumerg.”’ 


Fig. 1. Control and recording rack for the complete system. 
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Condit? has described a luminous-density re- 
corder after which the instrument described here has 
been patterned. 

The detector is a photronic cell (Weston Type 
856YG), mounted in a horizontal plane and covered 
with a spherical opal-glass globe. The cell is 
fitted with a Viscor filter which corrects the response 
of the cell to that of the eye. 


WESTON MODEL 
AMPLIFIER 


INPUT OUTPUT 
+ + 


PHOTOCEL 


RECORDER 
o-1 ma 


Fig. 2. Simplified circuit 
diagram of the luminous- 
density recorder. 


The recording circuit is shown in Fig. 2. The 
Weston Model 1411 amplifier is essentially an auto- 
matic potentiometer in which an output current is 
balanced against an input current through a network 
of accurately adjusted resistors which determine the 
balance ratio of output to input. Daylight falling 
on the photronic cell causes a current to flow in the 
resistance network (R, + R.). Current is caused to 
flow in the output circuit of the amplifier through the 
recording meter and a portion of the resistance net- 
work (R,), so that, at balance, the potential across the 
amplifier, and hence across the cell, is zero. The cur- 
rent required to maintain this balance is continuously 
recorded. This current is proportional to cell 
current, the proportionality being given by 

I cell R, 


R, + R: 


The instrument is calibrated by obtaining the ab- 
solute values (in foot-lumergs) for several points on 
a recorder reading vs. relative light-intensity curve 
obtained by conventional photometric bench tech- 
niques. The absolute values are obtained with a 
Macbeth Illuminometer with the necessary incident 
illumination attachments. 


The Daylight-Color Ratio Recorder 


Both the quantity and the quality of daylight vary 
according to the solar altitude, the type and extent 


A. Jones and H. R. Condit, J. Opt. Soc. Am., 38: 123 (1948). 
. R. Condit, J. Opt. Soc. Am., 42: 285(A) (1952). 
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of haze or cloud coverage, and degree of atmospheric 
pollution. While correction for variation in the 
quantity of daylight can be made by appropriate 
changes in lens aperture or exposure time, no correc- 
tion is usually made for variations in the quality, 
that is, color, of the illuminant. In order to study 
these variations in the color of daylight, an instru- 
ment capable of measuring and recording the ratios 
of red-to-blue and red-to-green light in tropical day- 
light was constructed. Basically, the instrument 
consists of three broad-band (approx. 60 my) pho- 
tronic detectors, two amplifiers which amplify the 
currents from a selected pair of cells, and a servo 
balancing circuit which yields a current signal pro- 
portional to the ratio of the cell currents. 

The detectors are Weston Type 856 photronic 
cells fitted with Kodak Wratten filters and covered by 
opal-glass globes to integrate the light arriving at 
the earth’s surface from all directions. The spec- 
tral sensitivities of the three detectors are shown in 
Fig. 3, along with their mean effective wavelengths. 


Relative sensitivity 
fe) 


Wavelength 


Fig. 3. Relative spectral sensitivities of photocell-filter combinations 
used in the color ratio recorder. 


A simplified form of the color ratio recorder cir- 
cuit is shown in Fig. 4. Currents from two of the 
cells (either red and blue or red and green) are fed 
to Weston 1411 amplifiers which give output cur- 
rents very nearly proportional to the amount of 
light incident on the cells. The output of ampli- 
fier No. 1 is connected to load resistors, R, and R:. 
The latter (R:) is the 200-ohm portion of a ten-turn 
servo-driven dual potentiometer. The output of 
amplifier No. 2 is connected to a similar load (R; 
and R,), except that R, is a conventional potenti- 
ometer used in the calibration of the instrument. 
The voltage drop across R, and a portion of the volt- 
age drop across R, are applied to one side of a 
60-cycle/sec chopper, while the voltage drop across 
a portion of R, is applied to the other side of the 
chopper. 

The off-balance signal from the chopper is ampli- 
fied by amplifier No. 3 and is applied to one winding 
of a two-phase servomotor which is connected to the 
shaft of the ten-turn potentiometer (R,). The 
other winding of the servomotor is connected to the 
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PHOTOCELL PHOTOCELL The Sky Camera 

PLTER — In order to relate the quantity (luminous density) 

a MMPURER and quality (color ratios) of daylight with atmos- 

¥ 2 pheric conditions, 16mm Kodachrome time-lapse 

photographs of the hemisphere of the sky were taken, 

using a sky camera based on a design described by 

Condit.* The camera is shown in Fig. 5. It con- 

sists of a convex mirror which forms a virtual 

image of the entire sky, a plane mirror which re- 

if Re + Ra Rs flects the image to the camera lens, and a 16mm 


SERVO 
MOTOR 
105 v OC | 
J Re 
< 
R52 PANEL 
: METER 
< 
RECORDER 
o-1 ma 


Fig. 4. Simplified circuit diagram of the color ratio recorder. 


60-cycle line. The motor, therefore, drives one way 
or the other until balance between the two signals is 
achieved by adjusting the movable contact of R, 
until input voltages to the chopper are equal. 

The balance position for the 200-ohm, ten-turn 
potentiometer (R.) determines the position of the 
slide on the 5000-ohm potentiometer which is on a 
common shaft. Resistor R, is adjusted to give full- 
scale (1 ma) deflection on the recorder when the 
maximum amount of R; is in the circuit. It is 
apparent, then, that the recorder reading indicates 
the position of the slide of R; which indicates the 
position of the slide of R., which, in turn, is a func- 
tion of the ratio of the light incident on the “‘red”’ 
cell to that incident on the “blue” or the “green” 
cell. 

If the instrument is recording the red-to-blue-light 
ratio, it can be made to record the red-to-green-light 
ratio by simply activating relays which disconnect 
and short the “‘blue” cell and connect the “‘green”’ 
cell to amplifier No. 1. At the same time, resistors 
R,, R:, and R, are replaced by similar resistors 
properly adjusted to record the red/green light 
ratio. 

The instrument is calibrated by exposing the pho- 
tronic cells with their filters to the radiation from a 
3000°K tungsten lamp on a photometric bench. 
If the spectral emission characteristics of the lamp 
and the spectral response of the cell-filter combina- 
tions (Fig. 3) are known, red-blue and red-green ratios 
can be computed and absolute values assigned to 
the recorder readings. 


motion-picture camera with an appropriate motor 
drive and control circuits. Exposure rates of 1 
frame/2 min, 1 frame/min, and 6 frames/min are 
provided. If the film is to be projected at the rate 
of 16 frames/sec, the 6 frames/min rate is used. 
A dramatic portrayal of atmospheric changes 
throughout the day is presented in 4 to 5 min. 


Fig. 5. The sky camera with protective covers removed. 


For purposes of correlating types and percent of 
cloud coverage and other atmospheric phenomena 
with recorded data, single frames are “‘still’’-pro- 
jected and a taking rate of 1 per min or less is ade- 
quate. 


The Sunshine Recorder 


One of the most satisfactory methods of detec- 
ting periods of sunshine is based on the simultaneous 


3. H.R. Condit, J. Opt. Soc. Am., 34: '768(T) s.a. 767 (1944). 
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Fig. 6. Detector for the sunshine recorder. White bar in foreground 
is 12-in. ruler. 


measurement of daylight and skylight. The level 
of daylight illumination alone cannot be taken as an 
indication of sunshine since the amount of daylight 
at low solar altitude with the sun shining can often 
be less than the amount of daylight around noon 
with the sun obscured. Foster and Foskett‘ have 
described a sun detector making use of the fact that 
daylight is greater than skylight when the sun is 
shining, while the two become equal when the sun 
is obscured. The same principle of operation is 
used in the sunshine recorder described here. 

The detecting unit of the sunshine recorder is 
shown in Fig. 6. Photronic cells are mounted in- 
side the inverted opal-glass illuminating globes. 
Ideally, opal-glass spheres should have been used, 
but this would have increased considerably the size 
of the entire assembly. The globe which receives 


4. N. B. Foster and L. W. Foskett, Bull. Am. Meteorological Soc., 34: 
212 (1953). 
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the direct rays of the sun is made to correspond 
more nearly to a spherical collector by the black 
area on the top of the globe which reduces the rela- 
tive effect of high-altitude sunlight. The semi- 
circular black hood is an occulting device which 
serves to prevent the rays of the sun from striking 
the other globe. The detector is positioned on the 
roof of the laboratory in such a way that no shad- 
ows are cast on it by other fixed objects. It is 
oriented with a line passing through the center of the 
two globes lying due north and south. The base 
of the device is raised on the north side so that it 
forms an angle with the horizontal equal to the lati- 
tude of the recording site. This brings the base into 
a plane perpendicular to the plane of the apparent 
path of the sun at 0° solar declination, so that the 
occulting strip is moved from directly over the shaded 
cell for 0° solar declination to the north as the decli- 
nation increases to 23.5° north, and to the south as it 
increases to 23.5° south. The width of the strip 
is such that in a fixed position it prevents the rays of 
the sun from striking the globe, even though the solar 
declination changes by 7° or 8°. Six positions of 
the strip are required to accommodate the 46° 
change in solar declination, and ten changes of 
position must be made each year. 

The wiring diagram for the complete instrument is 
shown in Fig. 7. The two photronic cells are con- 
nected in opposition and the “‘Balance” and “Ad- 
just”’ potentiometers so adjusted that the meter relay 
reads zero when the sky is overcast. The movable 
contact on the meter relay is set so that relay closes 
when the sun is sufficiently unobscured that the 
disk of the sun is just visible and fairly hard shadows 
are cast. The remainder of the circuit provides 
periodic sampling of sunshine conditions and activa- 
tion of a recorder marking pen, a lapse time meter, 
and a counter so that a visual indication of sun- 
shine is recorded along the edge of the luminous- 
density recorder chart and the total hours of sun- 
shine and number of sun appearances for the day 
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Fig. 7. Circuit diagram for the sunshine recorder. 
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Fig. 9. Seasonal variations in sunshine, number of sun appearances, and 
rainfall. 


may be obtained directly. Automatic daily switch- 
ing from one to another of four banks of timers and 
counters is provided so that recording during unat- 
tended times is obtained. 


The Rain Recorder 


The rain recorder in this system simply indicates, 
by movement of a telemetering pen in one of the 
Esterline Angus recorders, time periods of rainfall 
and not the quantity of rain. The rain detector is 
a grid of closely spaced 6H graphite drafting leads 
with alternate rods connected together. The grid 
is connected in series with the 115-v primary of a 
6-v transformer. Rain falling on the grid causes 
sufficient current to flow in the primary so that a 
sensitive relay in the secondary circuit operates. 
The current in the primary is also sufficient to cause 
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the rain drops to boil off the electrodes and open 
the signal circuit unless drops are continually 
supplied by further rainfall. The device records 
the beginning of a rainfall of moderate intensity 
almost immediately. It records the termination 
of even a torrential rain with less than a minute of 
error. It is insensitive to drizzle (uncommon in 
the wet tropics), fog, and high humidity. 


Typical Data 


It is not the purpose of this paper to present or 
interpret large quantities of data obtained with 
this recording system. That will be done in a later 
paper. Typical examples of possible types of data 
presentation are given in Figs. 8 and 9. The lumi- 
nous-density curves of Fig. 8 show the rapid rate of 
change of luminous density with time in the early 
morning and the late afternoon, and the rather flat 
region from 9 a.m. to 3 p.m. which is to be expected 
in the tropics where high solar altitudes occur at 
noon. The maximum values of luminous density are 
obtained when the sun is unobscured but some clouds 
are present. These values are higher than those 
obtained with a clear sky. The rainfall and sun- 
shine data presented in Fig. 9 show the characteris- 
tics of the two seasons of the “‘wet tropics.” 
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A Comparison of the Effect of Residual Sodium 


and Ammonium Thiosulfates on Image Permanence 


R. W. HENN AND Nancy H. Kina, Research Laboratories, Eastman Kodak Company, Rochester, N.Y. 


Two documentary copying films were developed, then fixed in (a) sodium or (b) ammonium 
thiosulfate fixing baths, and washed to various thiosulfate levels. In some cases, salt baths 


were used to accelerate washing. 


Incubation of the films showed the fading to be dependent 


only on the residual thiosulfate-ion concentration and to be independent of the cation of the 
thiosulfate used in the fixing bath. The stability of the films treated in the salt baths proved 
high, in line with the low residual thiosulfate content. 


The primary qualification in the processing of films 
for permanent records is the reduction of the residual 
thiosulfate to a safe level, namely, that set up by the 
appropriate standard.' At the same time, par- 
ticularly in the machine processing of lengths of 
film, it is desirable to keep the processing times as 
short as possible, and still meet the prescribed stand- 
ard. The time required for processing is reduced by 
the use of the “‘rapid-liquid”’ fixing baths containing 
ammonium thiosulfate as the fixing agent and by 
the use of salt solutions, called “washing aids,” 
to accelerate washing. The rapid-liquid fixing 
baths not only effect rapid fixation but also provide 
convenient replenishment. The salt solutions re- 
duce the washing time required by a factor of sev- 
eral times, and often effect lower residual-thio- 
sulfate levels than can be obtained by unaided 
washing for any reasonable period.* 

However, no data have been previously available 
concerning the effect of rapid fixers and washing aids 
on the permanence of the image. Consequently, 
their practical application in the production of per- 
manent-record films has been questioned. The 
following tests were therefore undertaken to com- 
pare the effect of the thiosulfate residual in a film 
following fixation in an ammonium thiosulfate fix- 
ing bath with that left following fixation in a sodium 
thiosulfate bath. They also check experimentally 
the stability of films where the low residual-thio- 
sulfate content has been obtained by the use of salt 
baths rather than by unaided washing. 


Experimental Conditions 


Films. The two films employed in these tests were 
Recordak Minicard Film and Recordak Micro-File Film. 
They were selected because they are commonly used when 
permanence is likely to be very important, and also be- 
cause they are relatively sensitive to residual thiosulfate 
by reason of their fine-grain structure. 


Communication No. 2117 from the Kodak Research Laboratories, pre- 
sented at the Annual Conference, Santa Monica, Calif., 11 May 1960. 
Received 19 September 1960. 


1. ASA Standard PH1.28, 1957. 
2. J. 1. Crabtree, R. W. Henn, N. H. King, Phot. Eng. 7: 153 (1956). 
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Exposure. The test object was carefully selected to 
provide fine lines of low contrast, which are the most 
sensitive to fading. ‘These were obtained by binding a 
low-contrast negative of type matter in contact with a 
continuous-tone wedge. The negatives produced on 
contact-printing then comprised a continuous-tone gray 
scale containing superimposed letters of somewhat 
higher density. Exposure was adjusted so that the 
density of both the letters and the gray scale increased 
slowly from zero to moderately high densities. Fading 
was first visible in the letters of lowest density and 
correspondingly in the gray-scale areas of the same 
density. 

Fixing Baths. Kodak Fixer F-5 was employed as 
representative of a sodium thiosulfate fixer, and Kodak 
Rapid Fixer as representative of an ammonium thiosul- 
fate bath. Both fixers are of the hardening type, work 
at similar pH values, and contain approximately one 
mole of their respective thiosulfates per liter. These 
baths were modified by the addition of 2 grams of silver 
per liter, added as silver nitrate, to simulate more typical 
working conditions. 


Processing. Strips were tray-processed in Kodak 
Developer D-11 for 3 min. at 68°F, using ASA agitation, 
followed by a 30-sec rinse in distilled water. One group 
of strips was then fixed in Rapid Fixer for 2.5 min. A 
second group was fixed in the F-5 for 5 min. These two 
groups of strips were then washed in a rotary print 
washer at 40°F for 2, 5, 10, 20, and 40 min and then dried 
in a heated cabinet. A third group of strips was proc- 
essed as just described, fixed in the F-5 plus silver, rinsed 
30 sec in distilled water, bathed 2 min in (a) 2% sodium 
sulfite solution or (b) 2% sodium sulfate solution, and 
washed in the print washer for 5 min at 40°F. 


Tests. These variations were run in duplicate for both 
emulsions, and for control strips. The films were 
analyzed for residual thiosulfate by the mercuric chloride 
test.* The analyses were run soon after processing and 
apply to the low-density areas. The results are ex- 
pressed as micrograms of anhydrous sodium thiosulfate 
per square inch, even when ammonium thiosulfate was 
used as the fixing agent. One set was incubated for 4 
weeks at 100°F and 90% RH. Since the Micro-File film 
showed very little fading, a second set was incubated for 


3. ASA Standard PH4.8, 1953. 
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4 weeks at 125°F over a saturated potassium sulfate 
solution, giving approximately 96% RH.‘ 


Results 


The analyses showed a good range of residual 
thiosulfate concentrations covering the critical 
range from about 70 to less than 2 ug/sq in. (see 
Table I). The powerful effect of the salt baths is 


TABLE |. Residual Thiosulfate Content 
(as micrograms of Na,S.O; per square inch) 


Kodak Time of washing (min) é 
Kodak film fixer 2 5 10 20 40 5* 5Bf 
Micro-File F-5 S525 <2. 
Rapid 70 29 10 5 <2 — — 
Minicard F-5 73 30 15 6 5S <2 <2 
Rapid 64 32 14 7 3 —- — 


* Following sodium sulfate bath. 
+ Following sodium sulfite bath. 


shown by the fact that washing for 5 min following 
their use reduced the amount of hypo to less than 
2 ug/sq in., the lower limit of analytical method. 

The Micro-File film stored under the milder con- 
ditions (100°F) showed but slight fading or toning 
at the highest thiosulfate content. This was ap- 
proximately equal for both the sodium and ammo- 
nium thiosulfates. More pronounced fading was 
obtained with storage under the more severe 125°F 
conditions. Brown tones were produced but there 
was no loss of legibility or of visual density. The 
effect progressed smoothly with concentration (see 
Table II), no fading being observed at the ASA 
limit for fine-grain films for permanent records, 
namely, 5 ug (0.005 mg) of Na.S.O; per square inch. 
At 10 wg of Na.S.O; per square inch only a faint 
trace of fading was noticed; at higher concentra- 
tions, appreciable fading or toning occurred. Thus, 
tading was observed in all of the 17 lines of the type 


TABLE Il. Fading of Micro-File Film 
(4 weeks, 120°F, 95% RH) 


Residual Fading (toning) 

Na.S.O; Appearance No. of lines faded 
(ug per F-5 Rapid F-5 Rapid 
sq in.) fixer fixer fixer fixer 

70 Marked wat 

55 Marked >i7 

25 Slight Slight 12 12 

10 Trace Trace 2 2 
5 Nil Nil 0 0 
3 Nil Nil 0 0 
2* Nil 0 ed 
2t Nil 0 = 


* Following sodium sulfate bath. 
t Following sodium sulfite bath. 


4. ASA Standard PH4.12, 1954. 
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face image of these strips, extending to a density 
of approximately 0.55. There was little choice 
between the sodium and the ammonium thiosulfate 
samples: at equal thiosulfate concentration, fading 
was equal. Films which had been bathed in the salt 
baths proved completely stable, as would be pre- 
dicted from the low residual-thiosulfate level. 

Somewhat more fading was encountered with the 
Minicard film than with the Micro-File film. The 
fading obtained at the highest thiosulfate concentra- 
tion was readily measurable, even when incubated 
under the milder (100°F) conditions. The area 
sulfided included 6 to 9 lines of typed matter, the 
higher value applying to Fixer F-5. Only a trace 
of fading was obtained at lower residual-thiosulfate 
level, however (Table III). The Minicard films 
stored under the 125°F conditions showed more se- 
vere but irregular fading, and interpretation was 
difficult. The films fixed in sodium thiosulfate 
probably averaged somewhat worse fading than 
those fixed in the ammonium bath, but the differences 
were not consistent. 


TABLE Ill. Fading of Minicard Film 
(4 weeks, 100°F, 90% RH) 


Fading (toning) 
Na:S.0; Appearance No. of lines faded 
(ug per F-5 Rapid F-5 Rapid 
sq in.) fixer fixer fixer fixer 
73 Medium 9 
64 Medium 6 
30 Trace Trace? 2 2? 
15 Nil Nil 0 0 
7 Nil Nil 0 0 
4 Nil Nil 0 0 
2* Nil 0 — 
2t Nil 0 — 


* Following sodium sulfate bath. 
+ Following sodium sulfite bath. 


Discussion 


The observation that the residual thiosulfate in 
films fixed in the two types of baths has almost ex- 
actly the same effect on image stability leads to the 
conclusion that the important ion is the thiosul- 
fate, and that the cation, ammonium or sodium, 
plays a very minor role. Indeed, the reactions are 
ionic throughout. The sodium thiosulfate or am- 
monium thiosulfate is not primarily present in the 
fixing baths as the undissociated salt but as sodium, 
ammonium and thiosulfate ions. It is the thio- 
sulfate ion which is adsorbed to the gelatin, where it 
resists washing (although it may be displaced by 
other anions, as in the salt-bath treatment). The 
cation, be it sodium or ammonium, if adsorbed at all, 
will be held separately and may not even be present 
on the reaction site. Finally, the fading reaction is 
between the thiosulfate ion and the image silver 
(in the presence of moisture and oxygen from the air) 
to form silver sulfide as the end product. 
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Rapid Processing: Present State of the Art 


Seymour L. HERSH AND FRANK SmiTH, U.S. Army Signal Research and Development Laboratory, 


Fort Monmouth, N. J. 


Rapid processing systems are discussed in terms of the known state of the art. Such systems 
may be divided into those using direct and those using indirect application of processing fluids; 
these two classes may each be classified further into systems using low viscosity and systems 
using high viscosity fluids. Methods and equipment used in the application and removal of the 
processing fluids of some representative systems, including immersion, porous plate or porous 
roller, solid roller, jet spray, saturated web, and applicator belt, are reviewed and evaluated 
in terms of their suitability for various uses. 


Rapid photographic processing may be defined as a 
technique that produces a usable picture in much 
less time, usually of the order of a few seconds, than 
is possible by conventional processing means. 
In order to reduce this time, a vast amount of ef- 
fort has been expended by many individuals, with 
the result that a great many rapid photographic 
processing systems and techniques have been de- 
veloped or are in the process of development. 
Representative examples, together with the method 
used to achieve the end result, are described and 


Presented at the SPSE Rapid Processing Symposium, Washington, D.C., 
15 October 1960. Received 3 November 1960. 


discussed in some detail, and an orderly system of 
classification is offered in Fig. 1. 


Classification of Rapid Processing Systems 


There are two basic methods of applying process- 
ing fluids in rapid processing systems—direct and 
indirect. These two methods may be divided into 
those using low viscosity fluids and those using high 
viscosity fluids. The mode of application provides 
a further subdivision: immersion, jet spray, satu- 
rated web, etc. (Fig. 1). 

Immersion or tank processing is the most basic 
approach for applying low viscosity fluids directly, 
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The film, usually prehardened, is totally immersed 
in tanks or troughs containing rapidly acting process- 
ing solutions at elevated temperatures. 


Stepwise Spray Processor 


Jet spray application of the low viscosity processing 
solutions may be accomplished with equipment using 
single or multiple jets. Systems using more than one 
fluid for processing usually employ multiple jets, since a 
single nozzle may tend to clog when used for successive 
application of fluids which form precipitates when mixed. 
Extremely rapid processing has been achieved with a 
system which applied the solution to the exposed film by 
means of an atomized spray. The Kelvin Hughes proces- 
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Fig. 2. Jet spray processing station—Rapid Processing Photographic 
Projector (Kelvin and Hughes America Corp.). 


sors? (Fig. 2) has a cluster of three nozzles using the 
Venturi effect to apply highly active developer, fixer, and 
wash water directly to the emulsion side of the film. 
Application of the spray of the various solutions is con- 
trolled by an electrically operated solenoid which 
switches the heated air to each jet in succession. Tem- 
peratures reach near 100°F when the solutions mix with 
the heated air. For maximum efficiency, droplet size is 
controlled by nozzle bore diameter and by mixing cham- 
ber design. Large droplets develop film nonuniformly; 
small droplets do not wet the emulsion rapidly. 

It has been reported by Kelvin Hughes that images 
with a maximum density of approximately 2 and a gamma 
of 1.3 have been obtained with Ilford BY film in 9-12 
sec using a Phenidone developer and an ammonium thio- 
cyanate fixer at 35°C. 


1. C. M. Smith and E. R. Townley, J. Phot. Sci., 7: 55 (1959). 

2. E. R. Townley, “Some Design Considerations of Rapid Access 
Photographic Systems,”’ presented at the SPSE Rapid Processing 
Symposium, Washington, D.C., Oct. 14-15, 1960. 
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Fluid cells or chambers can also be used to contain low 
viscosity fluids for direct application to the emulsion sur- 
face. The film itself forms the chamber seal, and proc- 
essing solutions are moved by pressure suction through 
the cell. When the fluid chamber is under positive pres- 
sure, improper sealing can cause external fluid leakage. 

An interesting application of cell-type processing is 
that contained in the U.S. Air Force Camera-Processor- 
Viewer, KD-5, developed by Optomechanisms, Inc. 
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RETURN 
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Fig. 3. Processing head—Camera-Processor-Viewer KD-5 (Opto- 
mechanisms Inc.). 


(Fig. 3). This system utilizes a three-chamber process- 
ing head for developing, fixing, and washing the film. 
The chamber design of each is such that only the emul- 
sion surface is wetted. Each chamber is connected by 
tubing to its appropriate chemical supply tank, each tank 
containing two gear pumps to pressure-fill and suction- 
empty its respective processing chamber. Processing 
chemistry for this application requires that the film con- 
tact each solution for 2 sec. This system is limited to a 
step-and-repeat recording mode and would require a 
storage compartment if the exposures were made faster 
than one every 6 sec. This and other systems which 
apply treating liquids only to the emulsion side are fur- 
ther limited to the use of films not requiring removal of 
dye coatings on the base side of the film. Sensitometric 
information with respect to film chemistry combinations 
for the 6-sec processing of the KD-5 Camera-Processor- 
Viewer was not available to the authors. 


Signal Corps Stepwise Processor (U.S. Pat. 2,856,829*) 


In the negative pressure system*,‘ (Fig. 4, p. 50), used 
by the Signal Corps for the rapid photographic processing 
of data obtained from a radar cathode-ray tube, the low 
viscosity processing fluid is drawn from a suitable con- 
tainer across the emulsion side of the film by a suction 
pump. The processing cell or chamber is shallow so as to 
permit only a thin film of fluid to cover the emulsion side. 
The partial vacuum created by the suction pump acts to 
prevent seepage of the fluid at the contact point between 
the film and chamber. 

With this processor, images are developed and made 
available for projection without clearing approximately 
0.2 sec after exposure, using Ansco Telerecord-type emul- 
sion developed in an MQ-type developer at 185°F. 


3. Carl Orlando, U.S. Pat. 2,856,829, Oct. 21, 1958. 
4. , Phot. Sci. & Eng., 2: 142 (1958). 
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Fig. 4. Recorder, processor, projector—U.S. Patent 2,856,829. 


Complete clearing may be accomplished in 0.2 sec using a 
50% sodium thiosulfate solution at 205°F, making a total 
time for developing and clearing of 0.4 sec. 


Viscous Solution Applicators 


For special purposes such as in-flight processing, it is 
sometimes desirable to apply the processing solutions in 
viscous form. High viscosity fluid may be applied di- 
rectly to the emulsion side of the film where, after it is 
spent, it is either removed by mechanical means such as 
washing and squeegeeing, or it is allowed to remain on the 
film. If it is allowed to remain, it is covered by a plastic 
overlay to form a dry sandwich of processed material 
ready for immediate use. The plastic overlay can be re- 
moved later to permit normal fixing and washing of the 
film. 

In one type of two-stage processor using a direct 
applicator, film which has been exposed in a camera and 
temporarily stored in a “‘slack box” is passed over a slit- 
type applicator head where a thin coat of high viscosity 
developing fluid is applied. The plastic overlay, usually 
Saran Film, is coated with a fixer solution by a separate 
applicator, after which the coated plastic overlay and the 
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Fig. 5. Viscous solution applicator head—processing machine, photo- 
graphic film, 70mm EH 33A (Fairchild Camera and Instrument Corp.). 
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exposed film previously coated by the developer solution 
are mated by a pressure roller, forming an externally dry 
sandwich. The film in this condition can then be 
handled without sticking, and may be projected or 
scanned if desired. 

An example of a single-stage processor using a plastic 
overlay on the processed film is the U.S. Navy Processing 
Machine EH-33A, developed by Fairchild. A schematic 
diagram of the applicator head is shown in Fig. 5. A 
thin layer of high viscosity processing fluid is applied di- 
rectly to the emulsion side of the film by a slit applicator. 
After processing is completed, the film, still coated with 
the viscous fluid, is covered with a transparent plastic 
overlay and is ready for viewing immediately. The 
plastic overlay can later be separated from the film for 
washing. Using this process, and a Phenidone monobath 
at 90°F, Ilford BY film has been processed to a gamma of 
1.0 and a maximum density of 2.5. Processing time is of 
the order of 1 min. 


Web Applicator 


Saturated web*~’ processing involves the use of a suit- 
able absorbent mat or web material acting as the inter- 
mediate carrier for the processing solution (Fig. 6). The 
web, in roll form, is composed of short fibers of '/2 to 1 u 
average diameter permanently bonded to a 1-mil-thick 
base of nonporous plastic film. 
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Fig. 6. Saturated Web Process (Rapromatic, Inc.). 


In operation, the web, presaturated with aqueous 
monobath processing solution, is brought into intimate 
contact with the emulsion surface of the film for the 
necessary time to effect the development and fixation of 
the photosensitive material. Contact between the web 
and the emulsion may be accomplished by winding the 
mated surfaces together in a roll or by tensioning the 
sandwiched material around a portion of the periphery 
of a drum. After processing is completed, the web is 
stripped away from the developed film. 

It is apparent that this method is readily adaptable to 
step-and-repeat or continuous-recording applications and 
can utilize elevated processing temperatures to decrease 
the access time. Processing times, of course, are 
dependent on the film-chemistry combination. The 


5. Seymour Schreck, Phot. Sci. & Eng., 4: 298 (1960). 

6. . “Practical Aspects of Saturated Web Processing,” pre 
sented at the SPSE Rapid Processing Symposium, Washington, 
D.C., Oct. 14-15, 1960. 

. Jerome 8S. Goldhammer, “An In-Flight Processing Magazine for the 
KA-30 Aerial Camera,” presented at the SPSE Rapid Processing 
Symposium, Washington, D.C., Oct. 14—15. 1960. 
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processed film after separation is damp and retains re- 
sidual chemicals that can be removed by conventional 
means. 

Characteristics of a variety of films processed by satu- 
rated web have been reported. Processing solution 
temperatures of 70°F to 150°F produce results in 10 sec 
to 2 min, depending on the film used and contrast de- 
sired. 


Porous Roller Applicator 


Rapid access processors utilizing porous roller applica- 
tors provide another technique for indirectly applying a 
thin layer of solution to the emulsion surface. Figure 7 


Fig. 7. Porous Roller Applicator (Eastman Kodak Co.). 
Equipment configuration 


A. Lens G. Solution pump N.  Stainless-steel 

B. Rubber covered H. Expended mono- tube 
drive roll bath container P. Dacron felt wash- 

C. Exposure station J. Viewing station ers 

D. Processing station K. Yellow glassfilters Q. Collar 

E. Thermostat L. Unprocessed film R. Nylon bearings 

F, Monobath solution M. Servo-drive S. Metal block 
container motor 


shows a processor® of this continuous type that relies on a 
meniscus of solution forming between a porous roller 
applicator and the film emulsion. The porous roller 
applicator may be fabricated of a suitable sintered metal 
of controlled porosity, or it may be a porous fabric cover- 
ing a solution distributor tube. As can be seen from the 
diagram, the distributor roller of stainless steel permits 
the solution to flow through radially-drilled holes into 
porous die-cut dacron felt washers which serve to present 
auniformly wetted surface in close proximity to, but not 
touching, the film emulsion. 

In operation, fresh monobath solution enters the metal 
block, S, where it is brought to the right temperature and 
forced under pressure into the applicator tube through 


8. Edgar D. Seymour, Phot. Sci. & Eng., 2: 91 (1958). 
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small holes in the nylon bearing that coincide with similar 
holes in the applicator tube. From there, the monobath 
flows out through the dacron felt washers to contact the 
emulsion. The applicator roller is motor-driven inde- 
pendently of the film drive. A solution supply, F, and 
pump, G, complete the processing station. Development 
and complete fixation have been accomplished in 18 sec 
with special emulsions such as Kodak SO-1199 and a 
monobath at 130°F. 


Porous Plate Applicator 


An extension of the meniscus-type fluid contact tech- 
nique is contained in processors using porous plate 
applicators. In this method the low viscosity solutions 
are applied only to the emulsion side of the film by means 
of a porous plate or shoe held in close proximity to but not 
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Fig. 8. Porous Plate Applicator (Photomechanisms, Inc.). 


touching the emulsion surface, as shown in Fig.8. Liquid 
application is accomplished by pumping solution through 
the porous applicator and forming a meniscus between 
the film emulsion and applicator shoe. Excess solution is 
collected in a moat surrounding the applicator and 
drained to waste. A single- or multi-solution plate de- 
sign can be used, depending on the nature of the process. 
Processing time is controlled by varying the film travel 
speed since the path length is fixed. A storage chamber 
is required for compatibility with step-and-repeat record- 
ing mode. Access time is dependent on the film-chem- 
istry combination. A processing rate of 10 in./min has 
been achieved with an access time of 20 sec. Processing 
rates in excess of 25 in./min have been reported. Proc- 
essing times of 2 to 10 sec are reported, using solution 
temperatures of 120°F with prehardened oscilloscope 
recording materials. 


Nonporous Roller Applicator 


Processing solution can also be applied to the emulsion 
surface by nonporous rollers or wheels. The U.S. Army 


9. Robert P. Mason, “An Advanced Technique for Short Delay 
Processing of Photographic Emulsions,” presented at the SPSE 
Rapid Processing Symposium, Washington, D.C., Oct. 14-15, 1960. 
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° ( DRIER 
a 
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CONTROLLED / 


Fig. 9. Signal Corps Wheel Processor. 


Signal Research and Development Laboratory (USAS- 
RDL) is developing a rapid processor with triple roller 
applicators* (Fig. 9), for continuous rapid processing of 
strip-type materials at an approximate rate of 100 ft/ 
min. Although three tanks are presently available, the 
processor concept is adaptable to various processing 
techniques such as monobath or stabilization. Under 
certain conditions, this processing technique can halve 
the processing time in comparison with immersion proc- 
essing under the same temperature and bath conditions. 
The processor consists of three driven applicator wheels 
or rollers so arranged as to be sequentially contacted 
along a portion of their periphery by the emulsion side 
of the film. The rollers are driven oppositely to the 
motion of the film except for a prewetting roller. 

The rollers which are partially submerged in tanks of 
liquid developer, fixer, and wash water pick up the fluid 
and apply it by contact to the film. The faces of these 
rollers may be covered with an absorbent material, or 
left plain, depending upon the conditions under which 
the processor is used. Each tank, constructed of stain- 
less steel or other suitable corrosion-resisting material, is 
provided with an electrical heater having temperature 
controls. A separate roller is provided for prewetting 
the emulsion with water prior to development. Squee- 
geeing rollers remove excess processing fluid from the 
peripheral faces of the applicator rollers as they carry the 
fluid from the tanks to the film. If it is desired to cover 
the applicator roller face, it has been found that a fabric 
having the ability to absorb substantial quantities of 
fluids is the most effective. 


Belt or Foil Applicator for Viscous Solutions 


Although most of the activity being carried on towards 
the indirect application of high viscosity fluids to film 
appears to be in the developmental stage at present, some 
information is available on a system of this type de- 
veloped by the Itek Corp. It employs a reusable endless 
belt or foil of suitable material as the carrier or applicator 
for the indirect application of the high viscosity processing 
fluid to the exposed film. 

In operation, the viscous monobath fluid is spread 
evenly on the endless applicator belt by a mechanical 
dispenser. 

The film to be processed is then mated with the belt 
containing the processing fluid and remains in contact 
with it for the time required for processing. After 

processing is completed, the film is covered with a clear 
plastic overlay and is then ready for use. Spent viscous 


* Patent applied for. 
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fluid remaining on the applicator belt is mechanically re- 
moved, after which it is ready to be recharged with fresh 
fluid. 

The system is adaptable to multistage processing, in 
which case the several viscous fluids can be applied to 
the film one on top of the other successively. Upon 
completion of the final processing step, the film is covered 
with a clear plastic overlay. 

Alternatively, systems using a reusable applicator belt 
or foil can be adapted to use a length of nonreusable or 
disposable foil. In this case the mechanical configuration 
of the processor would be somewhat different and the foil, 
after having served as the applicator belt, could be used 
as the overlay for the processed film or disposed of as 
desired. 

An interesting variation to the above is disclosed in a 
recent patent! which describes a method wherein the 
viscous processing fluid is dried on the processed film and 
then stripped from it. This method, which was de- 
veloped primarily for the print-receiving element of the 
diffusion transfer process, is contingent upon the fact 
that the print-receiving element can be provided with a 
surface that possesses little or no affinity for the viscous 
processing fluid. Proposals have been made and possibly 
some experimental work was done on the development of 
a viscous fluid that could be dried and left on the film 
after completion of processing. 


Diffusion Transfer 


Although, at present, diffusion transfer systems are 
relatively slow, they are included in this classification be- 
cause of their potential as rapid processing systems. In 
general, as shown in Fig. 1, these systems may be sub- 
divided into those using high viscosity fluids and those 
using low viscosity fluids. In view of the fact that the 
principles of these systems are well known, but have not 
been developed to provide extremely rapid access, they 
will not be further described. 


Application Analysis of Rapid 
Processing Systems 


We now proceed to an analysis of the various tech- 
nical approaches in the light of present uses, which 
may vary from low-rate in-flight CRT recording to 
high-capacity ground-reproduction requirements. It 
is obvious from the previous discussion that several 
of the techniques described are inherently suited 
for in-flight applications, and others are more ap- 
plicable to ground-based operations. In some 
cases, a processing technique may be used in either 
situation. These considerations will be included 
in the following discussion. 

Tank immersion techniques in their present state 
of development are considered grounded. Aside 
from solution leakage at film entry and exit seals, 
processors of this type would be affected by altitude 
and attitude changes, and would present consider- 
able weight and bulk problems for high-rate in- 
flight applications. For ground support applica- 
tions, liquid immersion continues to be a reliable, 
high-capacity, economical practice that can ac- 
commodate a large variety of photographic materials 
and a wide range of film input rates. Extremely 


10. E.H. Land, U.S. Pat. 2,759,825, Aug. 21, 1956. 
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short path length for slow input rates is difficult to 
achieve in continuous processing. 

Similarly, jet spray techniques, if used for continu- 
ous airborne processing, present design problems 
involving the handling of free liquids; however, the 
spray approach does lend itself to step-and-repeat 
or continuous rapid processing ground applications, 
and we shall confine our remarks to this area. 

Cyclic processing, encountered in designs involv- 
ing single and multiple jet spray techniques, im- 
poses a number of limitations on system design that 
necessitates careful evaluation for specific cases. 
The maximum film-input rate of all intermittent 
processing techniques depends on the processing 
time. If the input rate is not compatible with the 
processing rate, a storage compartment is required 
which results in progressively increased access time. 
Another unavoidable compromise is usually made 
in cases where the recording rate is less than the 
processing rate. In this event, film waste must be 
tolerated to permit removal of the processed frame 
from the processing station. In many jet spray sys- 
tem designs, rapid developer oxidation and low solu- 
tion capacity are unavoidable by-products. Un- 
desirable effects of developer oxidation are avoided 
by using the solution only once and discarding it. 

For the slowest cycle rates (e.g., 1 cycle every 10 
sec) a monobath single-stage jet provides the sim- 
plest approach. The input rate can be increased by 
modification of the single-stage design to include two 
jets, delivering the developer and the fixer in se- 
quence, making use of the shorter processing times 
in developer-fixer formulations. Separation of the 
development-fixation operation into two distinct 
processing stations doubles the processing capability 
but reduces the acceptable range of low film-input 
rates. If the recording cycling rate is slower than the 
processing rate at one station, the film must be ad- 
vanced within a reasonable time to the fixing station. 
The use of self-limiting developers provides addi- 
tional tolerances for processing times. One addi- 
tional modification seems to provide capability for a 
wider range of film-input rates and includes the 
higher processing rate associated with two-stage 
systems. It appears feasible to design a three- 
solution two-stage jet spray processor that contains 
a developer jet and an acid jet in the first station. 
If the recording rate is slower than the processing 
rate, activation of the acid jet will stop develop- 
ment after the required development time has 
elapsed. Other arrangements may be considered 
for specific applications. 

Applications of jet-spray techniques do not limit 
the choice of recording material. Processors using 
cell or chamber applicators provide versatility in the 
manipulation of techniques to furnish processing 
capabilities for a variety of uses. The simplest 
design for step-and-repeat processing incorporates 
a thin fluid cell whose open end is sealed by the film 
to be processed. Mono- or multisolution treat- 
ments of the film are accomplished at the one sta- 
tion. Two-cell processors provide a faster processing 
rate but have limited flexibility. 
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When the processing fluid is delivered to the cell 
by suction (negative pressure), the film provides a 
safety seal, since improper film seating or air leak- 
age will break the suction and the cell will be emp- 
tied. This design has several advantages. It 
permits extension of the cell or chamber technique 
to continuous processing equipment. In consider- 
ing continuous processors of this type, we must 
compromise on the range of film input rates asso- 
ciated with fixed path length designs. Chemical 
techniques such as monobath and self-limiting de- 
velopers that have wide processing latitude can ex- 
tend the range of processing rates considerably. 
Mechanical configurations involving multiple proc- 
essing chambers have been suggested to provide 
stepwise increases in processing path length. Ap- 
proaches of this type would require certain compro- 
mises in access time in slow mode operation. 

Processing cells of the positive pressure type are 
those where the solution is forced through the cell. 
Normally, a pressure plate behind the film is used 
to assist in keeping the solution within the cell. 
This requirement limits the technique to step-and- 
repeat processing operations for applications sim- 
ilar to those cyclic processes discussed previously. 

Some few cell processing designs have been des- 
ignated, erroneously, “‘Atmospheric Pressure Sys- 
tems.”” They involve the use of a pressure filling 
cycle and a vacuum evacuation cycle. This ap- 
proach is analyzed in the paragraph on positive 
pressure cells, above. It should be understood that 
most cell or chamber processing designs provide 
for applying processing solution to only the emulsion 
side of the film. Dye-backed emulsions should be 
avoided unless an additional dye removal cell can 
be provided or the residual optical absorption can 
be tolerated. Power requirements for drying cell 
processed material is not substantially less than that 
for immersed film unless the reverse side of the film 
has a gelatin layer. In general, cell processors are 
not limited to specific film types and are economical 
in operation. Present operational systems denote 
an advanced state of development. 

Let us now turn our attention to the second broad 
classification—direct application of high viscosity 
fluids. In general, direct application of the vis- 
cous processing solutions to the emulsion surface 
presents undesirable system restrictions in addi- 
tion to processor design problems. In many slit 
applicator designs, the film thickness determines 
the thickness of the processing solution layer, there- 
by limiting the use of any single processor head de- 
sign to relatively few films. Mechanical abrasion, 
nonuniform solution application, and film break- 
age may occur as a result of passing the exposed 
film through the applicator head in which the clear- 
ance is small. 

After the exposed film is coated with the viscous 
processing solution, two choices are open to the 
designer; remove it or cover it. Partial removal 
can be accomplished by squeegeeing. If reuse of the 
film is desirable, however, the tacky residue pre- 
cludes reeling it without a protective interlayer. 
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Water washing and drying are acceptable if the 
facility is ground based. A more practical approach, 
especially for airborne systems, is to cover the film 
with a protective overlay. In all events, the residual 
expended solution on the emulsion deteriorates the 
image quality and for image permanence must be 
removed by washing. 

By the use of an intermediate applicator strip, 
the danger of film damage is significantly reduced 
and a broader selection of film type can be used. 
As shown in Fig. 1, one of two intermediate applica- 
tor strip designs may be used. The nonreusable 
type increases the bulk and weight of the system in 
comparison with the reusable or endless belt carrier. 
The nonreusable strip can function as the sand- 
wiching material for the cover if the expended vis- 
cous processing solution is not removed. A sep- 
arate interlayer would be required for the film cover 
with the endless belt approach if film salvage is re- 
quired. 

High viscosity fluid processing offers distinct ad- 
vantages for airborne use since it is affected little 
by changes in attitude or within limits and can be 
incorporated in designs requiring extremely broad 
processing rate ranges. Aside from the use of an 
intermediate solution carrier, handling of the proc- 
essed film after coating is similar to that discussed 
earlier in the direct application of high viscosity 
fluids. 

If an applicator strip can be made to retain se- 
lectively the layer of expended processing solution, 
the processed film will be relatively free of developer 
oxidation products and residual processing chem- 
icals. An analogous technique is presently used in 
the Polaroid-Land diffusion transfer process. 

The final classification to be reviewed involves the 
indirect application of aqueous solutions. The 
saturated web process, described earlier, is a most 
promising approach for airborne and ground ap- 
plications. Both mono- and multibath processing 
are feasible. Monobath use permits this technique 
to be used in step-and-repeat applications. System 
design schematics available to the authors at the 
time of this writing include one permitting variable 
path length and chronological access to the processed 
exposures. Intimate mating of the emulsion and 
saturated web during the processing period is re- 
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quired for uniform development. The original 
scheme of mating the monobath processing car. | 
rier with the film and winding them on a common! 
core provides a neat processing capability that wil] 
accept exposed film at extremely high rates. The 
choice of a suitable absorbent material as a solution 
carrier is imperative to provide availability of suf- 
ficient processing solution for thick emulsions. In 
addition, the absorbent web must have an extremely 
uniform surface to prevent mottling of the developed | 
image. The inherent characteristics of this ap- 
proach lend themselves to the design of both in- 
flight and ground facilities. 

The use of a porous roller as the intermediate solu- 
tion applicator has met with considerable success 
in several uses. The tangential line of solution ap- 
plication severely restricts the usable processing 
path and thereby limits the processor operation to 
extremely low input rates. Although the processing 
path length is fixed, some measure of running speed 
variability can be accomplished by the use of mono- 
bath. The published designs provide short me- 
chanical path length and consequently rapid access 
to processed exposures. The processor configura- 
tions reviewed are altitude and attitude sensitive 
because of the free liquids involved. Porous plate 
applicator heads increase the path length and in 
turn the processor rate and variability but involve 
considerable amount of free liquid that must be 
sumped to waste. No airborne system encompassing 
this approach has been considered. 

Nonporous roller applicators are not being con- 
sidered for in-flight applications. Although ex- 
perimental effort in this area is limited, the tech- 
nique holds great promise in the design of small rapid 
ground processors. Film processing rates of 40 ft/ 
min have been accomplished with a 3'/.-in. contact 
path at each of three processing stations. 
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rinal 
Car. 
mon e q | 
wif! ¢ Discussion and Evaluation 
The 
ition 
int The Factors Determining Resolution in Photographic Materials 
nely 
ap-® A. Hautor, University of Liege, Belgium 
in- 
solu- The purpose of this paper is to propose a rational classi- Method of Formation of the Photographic Image 
>cesg fication of the factors determining photographic resolu- of the Signal 
| a tion and discuss the correlation between resolution and Usually, a camera with a photographic objective of 
3S1Ng granularity. Some experimental results briefly discussed high resolution forms the image of the signal on the 
n to are: the influence of the method of measurement of the photographic material, with a reduction of 40 to 60 
ssing resolution on the so-called threshold of resolution; the times. In this way, the limit of resolution is measured 
peed variation of this threshold with the exposure given to the under the same conditions as in a practical application. 
ono- emulsion; and the similar variation with processing. However, this utilitarian method measures the resolu- 
me tion of the system ‘“‘objective plus photographic ma- 
terial,” rather than the photographic material alone. 
ors Factors Extrinsic to the Good photographic objectives resolve 400 lines/mm at 
‘tive Photographic Material the most; a certain lack of optical resolution is already 
. wes present at 100 lines/mm, a rectangular signal being trans- 
plate Form of Signal and Geometric Characteristics formed by the objective into a quasirectangular signal 
d in The resolution of a photographic material, like that of with curved hooks; at 250 lines/mm, the rectangular 
rolve an optical system, is measured by means of a periodic signal becomes a quasisinusoidal signal. Although useful 
t be object (the “‘signal’’), consisting of a set of straight in applied photography, this utilitarian method of 
ssing parallel lines; in Foucault tests, the ratio between the measurement is theoretically open to criticism because 
height and the width of a line is equal to or greater the form of the optical image of the signal varies with the 
cou than 5. type of objective when the ultimate resolution is ap- 
aa In Foucault tests, the signal has a rectangular shape, proached. Since modern negative emulsions may reach 
tech. a line being formed by absorbing and transparent parts 150 lines/ of even best 
-apid of equal width. The periods of Foucault tests go down to 
 ft/ 200 uw, allowing, under an optical reduction of 50 x, the B tt Its btained with ial 
measurement of resolving power to about 250 lines/mm. 
atact M fitted with a microscope objective, but, owing to the 
ore recently, signals with a sinusoidal shape have ll depth of f th vi 4 d h 
come into use. The simplest method uses light inter- Mi on the 
ference;'! the periods of such signals may be varied at plane w is focused in 
will from 1 mm to a fraction of a micron. The advan- the dept of t his Leb lon; Desides, from measurements 
tages of this type of signal have been disc y= carried out in this laboratory, it is obvious that, above 
here. ? 200 lines/mm, the resolution of the microscope objective 
te " is not quite perfect, that is, the form of the signal is 
cr Contrast of the Signal more or less optically modified. Senge 
sllini, Thus, for the measurement of the intrinsic resolution 
hoto- The contrast is the difference in density between the of photographic materials, methods using no optical 
2arch absorbing and the transparent lines of the signal. The system must be preferred. Setting the signal on the 
NJ. influence of the contrast on the resolving power of material and photographing it by contact would be an 


photographic materials has been studied; in the case of 
rectangular Foucault signals, the density difference must 
be equal to at least 2, since the variation of resolution 
with test object contrast is small at high contrast. The 
case of sinusoidal signals requires investigation. 
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ideal method if a perfect contact could be easily ob- 
tained. Optical gratings, especially Grayson gratings, 
give good signals for this purpose because their lines 
have no depth; but the contact under pressure with the 
photographic emulsion risks injury to the grating. 

An easier solution is the use of an interferential signal. 
Here no objective is used and no problem of accurate 
adjustment or of good contact intervenes: the photo- 
graphic material is simply placed in the interference field. 
This method, which has been investigated for three years 
in the author’s laboratory, gives accurate and reproducible 
measurements for all kinds of photographic materials. 

Comparing this method to the usual camera method, 
we arrive at the following conclusions: 

For modern negative emulsions, the resolutions of 
which go up to 100-150 lines/mm when measured with a 
camera, the interferential method gives values higher by 
5-15 %. 
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For positive emulsions, the difference increases with 
the resolving power and may reach 30%. 

The classical method is inaccurate at resolving powers 
greater than 250 lines/mm, while the interferential 
method allows measurements up to 2000 lines/mm with 
visible light and up to 4000 lines/mm with ultraviolet 
light. 


Method of Observation of the Photographic Image 
of the Signal 


The question of method of observation has generally 
been neglected, but is of major importance. 


(a) The common but subjective method consists in 
the observation of the photographic image of the signal 
with a microscope having a magnification of 20-50 x; 
the limit of resolution corresponds to the point at which 
the observer is just unable to distinguish adjacent dark 
and white lines of the signal. 

(b) An objective method uses a microphotometer for 
the analysis of the photographic image of the signal, but it 
is applicable with accuracy only to emulsions the resolv- 
ing powers of which are not greater than 150 lines/mm; 
even then it is necessary to use a microphotometer with a 
scanning spot width of less than 1 ». Such a micropho- 
tometer has been described‘ and another with a similar 
performance is used in this laboratory. 

In the method of observation using a microphotometer, 
the resolution is limited by the granularity of the ma- 
terial. A theoretical formula® proposes a relation be- 
tween both factors: 


R = 1000 Sa‘/:/2Gp (1) 
where: 


R_ = resolving power of the material in lines per milli- 
meter 

S = sharpness of the material, equal to the gradient 
dD/dx of the density as a function of the distance 
x in millimeters measured from the sharp edge of 
an absorbing screen 

Gp = granularity of the material for the mean density D 
of the photographic image of the signal 

a = area of the scanning spot of the microphotometer in 
square millimeters 


This relation has been established on the assumption 
that the photographic image of the signal corresponds to 
the normal exposures of the D-log E curve. When the 
microphotometric method (b) is used, according to Eq. 
(1), R depends on two parameters of the photographic 
material—its sharpness and its granularity, and on one 
parameter of the microphotometer—the area of the spot. 
Thus it can be shown that the resolving power is not es- 
sentially governed by the factor of contrast y; R in- 
directly depends on vy because S is a function of y. 
However, a material with low y (thus low S) may pre- 
sent a satisfactory resolution if its granularity Gp is low. 
Obviously, no direct relation exists between R and y. 

Experimental data obtained in this laboratory tend 
to support Eq. (1). 


(c) Another method for measuring R has recently 
been worked out by H. Thiry*: the photographic 


4. J. H. Altman and K. F. Stultz, Rev. Sci. Instruments, 27: 1033 
and G. 


(1956); N. K. Southwold 
(1959). 
5. A. Hautot, Ref. 2, p. 308. 
6. H. Thiry, Phot. Sci. & Eng., 4: 19 (1960). 


w. Waters, J. Phot. Sci., 7: 174 
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image of the interferential signal is used as a diffraction 
grating in a spectrometer. A spectrum line (in mono- 
chromatic light) is still observed far beyond the limit of 
resolution given by methods (a) or (b). For instance, a 
negative emulsion that gives 150 lines/mm with the 
subjective method (a) gives 350 lines/mm with the inter- 
ferometric method (c); the latter gives resolutions from 
400 to 800 lines/mm for positive emulsions. 

This result agrees with Eq. (1). The photographic 
image of the interferential signal being used like a grat- 
ing, the incoherent light diffused by the grains of the 
image gives a uniform light intensity in the field of the 
spectrometer; the coherent light diffracted by the rows 
of grains gives, for monochromatic light, a diffraction 
line standing out from the uniform field. If A is the area 
of the total photographic image of the signal, the cor- 
responding value of the mean square variation cp of 
the mean density D is very small; for, according to 
Selwyn’s law, the granularity Gp = cp a’/? is constant 
for all values of a (provided a is larger than the area of 
individual grains). Owing to the very large value, A, 
of a in this case, ¢p = Gp/A'/? is very small. Thus, the 
granularity, which is due to the random distribution of 
grains, does not affect the value of R, as long as the in- 
dividual size of developed grains is not considered; in 
fact, the latter must limit the value of R to about 300 
lines/mm for large-grain negative emulsions and 500- 
1000 lines/mm for positive materials. These numbers 
agree with values of R measured by method (c), which 
constitutes an extreme case of the measurement of R. 

If, in the microphotometric method (b), a slit of infinite 
length could be used, the corresponding value of cp = 
Gp/a'’* would be negligible too. But, in fact, in methods 
(a) and (b), R being measured by using a relatively small 
length of the lines, the granularity does appear as the 
limiting factor. 


Factors Intrinsic to the Emulsion 


Let us choose a type of signal, a method of formation 
of its photographic image, and a method of measurement 
of the resolution. Then, if these are constant, the re- 
solving power depends on factors related to the photo- 
graphic material itself. 

According to Eq. (1), the value of R depends on: 

1. The sharpness S, depending on: 


the mean diffusing power of a single grain of the 

emulsion; 

the number of diffusing grains per unit area; 

the thickness of the emulsion layer; 

the contrast of the photographic process. 

But the mean diffusing power of a grain itself de- 

pends on: 

the nature of the silver halide; 

the mean size of the grains; 

their form; 

the nature of the binding medium (generally gela- 

tin). 
2. The granularity Gp of the developed image. 


Factors Associated with the Exposure and 
Processing of the Emulsion 
The photographic material and the conditions of 


measurement of R being chosen, the value of R depends 
on the particular use of the material. 
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1. The wavelength of the radiation influences the 
value of R; variation is small in the visible spectrum, 
put it is large for ultraviolet light, which provides larger 
values of R. 


2. The exposure given to the emulsion is another im- 
portant factor. As a first approach to this point, let us 
consider Eq. (1) and write Gp = kD'/: (Siedentopf’s 
law), & being a constant for a given emulsion and proc- 
essing. Equation (1) becomes 


R = 1000 Sa'/:/2 kD‘: = C/D'/: (2) 


C being a constant. Equation (1) being valid only for 
normal exposures, Eq. (2) indicates that the optimum 
resolution should be obtained with an exposure corre- 
sponding to the lowest linear value of D, that is, the 
upper end of the toe of the D-log E curve. 

In order to test this theoretical prediction, measure- 
ments on various materials: negative, positive, and 
graphic arts emulsions, have been carried out in the 
author’s laboratory.* In every case, the optimum value 
of R has been obtained for exposures corresponding to the 
upper end of the toe of the D-log E curve. This law, which 
agrees with theory and experiment, must be taken into 
account when full resolution is being sought. 


3. The method of processing also has an influence. 
It is commonly claimed that developing to a little below 
the maximum 7 gives a better value of R, but this is not 
quite valid; studies carried out here have revealed that 
the optimum resolution for a given developer corresponds to 
a definite time of development; too short or too long a 
time has a degrading effect un R. Besides, in many 
cases, a ‘‘fine-grain’”’ developer gives a value of R superior 
to what can be obtained with a normal developer, in spite 
of a lower value of y. This fact means that fine-grain 
development acts on granularity and resolution together. 


Conclusion 


This paper is an attempt to trace the first lines of a 
theory of the resolution of photographic materials by a 
rational classification of its determinative factors and its 
correlation with granularity. Several new experimental 
data have been given. Besides, a conclusion appears; 
the value of the resolving power varies at least as much 
with the method of measurement as with the choice of 
material. For instance, for a given method of measure- 
ment, positive and negative emulsions may differ in 
resolution by a factor of 3; but, for the same emulsion, 
the resolution may vary by a factor of 2 to 3 according 
to whether measurement is by Method (c) or Method (a), 
given in the first section. Standardization of the method 
of measurement would avoid inconsistent data; prefer- 
ably, two methods should be defined: 


1. In applied photography, the photographic ma- 
terial is being used in connection with an objective, and 
use of a camera should be standardized. In several 
countries this problem has been solved, but the solutions 
are not complete and a world-wide attack on the problem 


*To be published in full. 
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would be most useful. Besides the use of a camera, the 
conditions for the measurement of R using a micropho- 
tometer should also be standardized. 


2. For studies related to the intrinsic resolution of 
photographic materials for such purposes as improving 
manufacturing techniques and using them in scientific 
laboratories, the criteria used in applied photography are 
obviously insufficient; the use of interferential systems, 
to make the signal available and to measure its image, 
seems to be a promising development. Furthermore, 
methods of analysis of R using the microphotometer 
should not be neglected. 


The solution of both problems would bring an appre- 
ciable advance in a matter still full of confusion. 

Though useful for practical purposes, the concept of 
ultimate resolution seems incomplete and inadequate to 
characterize resolution, since its value strongly depends 
on the principle of the chosen method of measurement 
as well as on subjective factors. Opposite to it is the 
concept of full resolution, corresponding to the spatial 
frequency range where the photographic image is the 
real reproduction of the photographed periodic signal 
without any degradation in shape and amplitude. But 
the total knowledge of resolution of a photographic ma- 
terial involves the measurement of the degradation of 
the photographed signal, in form and amplitude, when 
the period of the signal is varied from full to ultimate 
resolution as is done in the “‘sine-wave response”’ type of 
analysis; thus the latter gives partial information only 
and is hardly sufficient in applied photography. The 
total information can be obtained with a microdensi- 
tometer, provided its own definition is very high, and this 
allows the analysis of the photographic signal without 
disturbing it. Such information is presently being ob- 
tained in this laboratory and will be published shortly. 
Even though the microdensitometer is able to give a 
more complete picture of resolution, its limitations are 
obvious since the best microdensitometer has its own 
optical limit of resolution; such limitations have been 
investigated and the result just published.’ Another 
method of quantitative analysis of the form of the photo- 
graphed signal just elaborated here, using a spectrometer, 
seems to be at least as accurate as the microdensi- 
tometric one, and a careful comparison of the two methods 
will be made. 

Now let us suppose that there exists an ideal method 
of measurement of the resolving power, that is, a method 
giving the exact form of the photographic signal without 
any error or subjective factor for any period of the signal. 
Surely this is an assumption, but even in this case, only a 
first approach to the problem of definition can be solved. 
Owing to the fact that resolution characterizes the re- 
sponse of the photographic material towards a periodic 
and arbitrarily shaped signal, it may not be considered 
as fully determinative as far as definition is concerned: 
definition is a more complex matter which can be ex- 
pressed partially in terms of resolution; it depends on 
other information as well, the discussion of which is be- 
yond the scope of this paper. 


7. H. Thiry, Bull. Soc. Roy. Sci. Lidge, No. 9-10: 258 (1960). 
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A New Technique for High-Speed Photography of Cyclic Events 


JAMES R. CHaDwWIcK, Chadwick-Helmuth Co., Monrovia, Calif. 


Conventional high-speed cameras operate at speeds much 
faster than those of the event they shoot. For cyclic 
events, however, such as encountered in vibration tests, a 
technique based on the stroboscopic effect has been 
developed where slow-motion motion pictures of high- 
speed events can be taken better with a camera operating 
at speeds much slower than the event. This technique 
is made practical by fully automatic control of strobe 
lights and cameras. . 

The first step toward photography is automation of the 
visual stroboscopic effect, so that the event itself drives 
the strobes. This is accomplished by the Slip-Sync,* 
which is basically a phase-shifting device. By con- 
tinuously rotating the rotor of a special phase-shifting 
capacitor in the Slip-Sync, a ‘‘slow-motion”’ frequency 
Af is added to input (or event) frequency f. Af is deter- 
mined solely by the rotation rate of the phase capacitor 
and is independent of event frequency f. The f + Af 
sine wave is converted to a pulse, which drives the 
strobes. The test, moving at frequency /, is illuminated 
by the stroboscopic flash at (f + Af). This yields a 
visual slow-motion effect at frequency Af which can be 
adjusted from '/; to 3 cps to suit individual preference 
and, once set, remains constant, even though / changes. 
Af can also be set to zero, giving a fixed image, and by 
manually turning the phase capacitor control, this image 
can be ‘‘frozen”’ at any point in the cycle. 

Additional circuitry in the Slip-Sync permits operation 
of the strobes on every other, every third, or every n-th 
cycle of the event. This makes no difference in the slow- 
motion effect created, and permits the strobes to operate 
at a fraction of event speed. This divider circuit is 
automatic and divides as necessary to keep output pulse 
rate below an adjustable ceiling or limit. 

Slow-motion motion pictures are achieved when a 
pulse camera is slaved to the strobe lights, so that each 
flash exposes successive frames of 16mm motion-picture 
film. The output pulse command from the Slip-Sync 
is given to the strobe lights and the pulse camera simul- 
taneously. At rest, the camera has its shutter open. 
The strobe responds in microseconds to the command, 
illuminating the subject and exposing the film. The 
pulse camera, being mechanical, cannot respond for a 
few milliseconds. It then closes its shutter, advances 
the next frame, and opens its shutter again to wait for the 
next command. Closing of the shutter during film trans- 
port prevents streaking of background pilot lights or 
highly reflective surfaces. This mode of operation is 
backward from conventional pulse cameras, which have 
their shutters closed at rest, and it is essential to syn- 
chronization between strobe, camera, and event. 

A very fast pulse camera is essential to the system, and 


Abridgement of a paper presented at the Annual Conference, Santa 
Monica, Calif.,9 May 1960. Received 2 May 1960. 


* Proprietary trade names and products of Chadwick-Helmuth 
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a new camera was developed which will pulse to 30 
frames/sec.' When it is used with the Slip-Sync system, 
operation at about 24 frames/sec is preferred. (Strobe 
“*flicker’’ is objectionable to the operator at lower rates.) 
The taking frame rate is then about the same as projec- 
tor rate, and the slow-motion rate selected is unchanged 
on projection. This is accomplished automatically 
when the adjustable ceiling on the Slip-Sync divider 
circuit is set at 24 frames/sec. 

To avoid measuring the light with a meter, which 
would be awkward in the field, the Strobex* lamp, which 
gives a 50 usec flash, was designed for nearly constant 
light output from flash to flash, even though the flash rate 
changes. The output is 2 w-sec/flash, which gives about 
50 c-sec/flash within a 50° cone. To calculate exposure 
for the short flash from the Strobex unit, ADJ film speeds 
adjusted to compensate for reciprocity failure were deter- 
mined by test for the most useful 16mm motion-picture 
films (Table I). Combining constant light output with 


1. Edward W. Schrader, “Electrical Analogy Simplifies Design of 
Pulse Camera,” Design News, Nov. 7, 1960. 


TABLE |. Reciprocity Failure for Some Commercial Films 


The ADJ numbers are speed ratings on the same basis as 
the conventional ASA numbers, but adjusted for reciproe- 
ity failure of the film when used with Strobex lights on 
photo intensity, 50 usec duration. 


ASA 
No. 


Film 


Ektachrome Com. 7255 
Kodachrome 
Ektachrome ER-7257 


928A Negative 


Tri-X Negative 
Eastman Tri-X Reversal 
Eastman Double-X Negative 
Eastman Plus-X Negative 
Eastman Plus-X Reversal 
Eastman Background-X Negative 


Ansco Super Hypan Negative 


Polaroid Polapan 42 

Polaroid Polapan 32 or 44 
Polaroid Polaroid 47 or 37 
Polaroid Projection 46 or 46L 
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the ADJ speed, a simple nomograph gives f-stop values 
for the camera for any given setup in terms of distance 
from lamp to subject, ADJ of the film, and number of 
Strobex lights used. Two lights give good results on a 
3-ft diameter specimen with fine-grain film. 

For cyclic events, the strobe technique has these 
advantages over conventional high-speed cameras: 


1. Since the slow-motion effect is automatic and con- 
tinuous, the system can be used in vibration testing 
to find as well as to photograph resonant misbe- 
havior over a wide range of event frequency. 

2. Shooting time is long, so that the chance of document- 
ing failure or other random occurrence is excellent. 
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3. The subject under test is seen in slow motion by the 
operator before, during, and after filming, so that 
only significant events are recorded. 

4. The camera can be stopped or started at will during 
the test to put many scenes on one roll, for film and 
data reduction economy, or for coordination with the 
test. 


5. The slow-motion rate is essentially constant for all 
event speeds, and the event speed can change during 
the filming. 

6. Photography is possible with events of much higher 
speed, limited only by the length of flash of the 
strobe light, not by the framing rate of the camera. 


PHOTOGRAPHIC SCIENCE AND ENGINEERING 
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*Book and Journal Reviews 


Seeing Colours 


J. BERGMANS, Macmillan, New York, 1960, x + 80 pp., 
by in., $3.00 


Seeing Colours, published in English, French, German, 
and Dutch editions, is another in the Philips Technical 
Library series of N. V. Philips Gloeilampenfabrieken. 
Although as such, it follows the late Dr. Bouma’s Physical 
Aspects of Colour, it is intended to serve an entirely dif- 
ferent purpose. Rather than give an extensive disserta- 
tion on the physics, psychophysics, or psychology of 
color vision, the author presents an introductory or 
cursory discussion of all three of these areas. The 
purpose of a concise general treatment is to make useful 
information easily available to those who work in areas 
where color plays a significant role, but who may be 
unable to make an extensive study of the complex prob- 
lem of color. In addition, it was hoped that such a book 
might provide a useful text for science courses on the 
secondary and even grammar school levels. (Judging 
from the language used and the level of complexity of 
the text, it seems doubtful that it would be very useful 
in American grammar schools.) In short, the book is 
intended to provide an introduction to color. 

It appears to fulfill this objective admirably. For 
example, considerable care is taken throughout to stress 
that color is a perceptual phenomenon, not merely 
physical or psychophysical. This in itself can go a 
long way toward helping the initiate understand some of 
the more sophisticated concepts that he must eventually 
cope with in any serious effort to educate himself in this 
field. 

Sections in the book cover color in general, physical 
properties of radiant energy, basic aspects of color vision, 
colorimetry, and color rendition (color appearance of 
objects under different conditions of illumination). 

Mild criticism could be made of some of the non- 
standard terminology used in a number of places through- 
out the work, such as “‘dominating wavelength” for 
dominant wavelength, ‘complementary light-types” 
for complementary wavelength, ‘‘degree of saturation” 
for excitation purity, and so on. But these are not 
major faults. 


In general, the book provides a good concise intro- 
duction to the subject and should be useful for workers 
who desire only an acquaintance with, rather than an 
extensive knowledge of, the subject. For those who 
would like to explore further, there is a bibliography of 
eight (seven in English) fairly recent books which repre- 
sent about the most useful detailed coverage of the field 
of color.—C. J. Bartleson, Eastman Kodak Co., Rochester, 
N.Y. 


Focal Encyclopedia of Photography 


Desk Edition, ed. by FREDERICK PuRvEs, Macmillan, 
New York, 1960, 1298 pp., $6.95 


The Desk Edition contains the full text and all dia- 
grams of the well-known Focal Encyclopedia of Pho- 
tography, first published in England in 1956 (reviewed 
in Jour. SMPTE, 66: 796 (1957)). By use of thinner 
paper and elimination of the photographs, the thickness 
of the volume has been reduced to about one third that 
of the original edition, making an attractive volume of 
more convenient size which sells for about one third the 
price of the original ($20.00). 


Abridged Scientific Publications from the 
Kodak Research Laboratories 


Volume 35 (1953), Research Laboratories, Eastman 
Kodak Co., Rochester, N.Y., 1960, 135 + ix pp., 
paper cover 


This volume contains abridgments of 64 papers pub- 
lished during 1953 by the staffs of the laboratories of the 
Eastman Kodak Co., Kodak Ltd., and Kodak Pathé. 
It differs from previous volumes in both printing format 
and editorial policies. An attempt has been made to 
increase the volume’s utility by making the most per- 
tinent information more readily accessible, and, with only 
a few exceptions, the length of each abridgment has been 
limited to two printed pages. 
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Journal of the Society of Scientific Photography 
of Japan 

Vol. 23, No. 1, March 1960 (in Japanese) 

Résumés by S. Kikuchi, T. H. James and J. H. Altman 


The Role of Gelatin in Photographic Silver Halide Emul- 
sions — | 

Haruo Irie (Chiba University, Iwase, Matsudo-shi, 
Chiba Pref.), pp. 1-6 


A review. 


Studies on Graininess and Granularity — I. 
ularity Measuring Instrument 


Suinco OoveE (Research Lab., Fuji Photo Film Co., 
Minami-Ashigara, Kanagawa Pref.), pp. 7-10 


A New Gran- 


A new instrument for measuring granularity is de- 
scribed. It consists of four parts: a high-speed scanning 
microphotometer which scans a photographic film at the 
rate of 100 mm/sec; a d-c amplifier; a frequency an- 
alyzer with 20 narrow band pass filters, which analyzes 
the wave form to its power spectrum; and a meter 
which indicates the root mean square value of the 
current. The scanning aperture, on which the magnified 
image of grain structure is projected by a microscope 
optical system, can be replaced by a revolving disk. 

The power spectrum of grain structure and the granu- 
larity-density function can be measured with this in- 
strument. Numerical values of granularity, determined 
with the diameter of the scanning aperture selected so 
that its spatial frequency character corresponds to the 
response function of the eye, correlate well with graininess 
evaluations. The correlation coefficient, for granularity 
measured with a scanning aperture of 10 u and graininess 
evaluated from 14 enlargements, was 0.90. 


Studies on the Light Polarizer — Ill. Stabilities of Polar- 
izing Film in Various Film Base Materials 


Tsutomu YODA AND YASUSHI HosHINOo (Ofuna Factory, 
Mitsubishi Electric Mfg. Co., Ofuna, Kamakura-shi, 
Kanagawa Pref.), pp. 11-19 


When iodine is used as the polarizer element, polyvinyl 
alcohol (PVA) and PVA derivatives can be used as base 
material. The polarizing power is of the same order of 
magnitude for all these materials, and a choice between 
them can be made on the basis of stability. 

In the preparation of the PVA polarizing film, a 15% 
aqueous solution of purified PVA with a mean degree 
of polymerization of 1200 was coated on glass to obtain 
a film 0.1 mm thick. The film was heated to 90°C 
and elongated to five times. The iodizing solution was 
prepared from a solution of 15 grams KI and 6 grams I in 
500 cc water; 100 cc of this solution was diluted with 30 
ce water. The elongated film was treated on each side 
with cotton soaked in the iodizing solution. Polarizing 
layers were prepared by somewhat modified procedures 
from polyvinyl alcohol borate (PVA-B), polyvinyl formal 
(PVF), and polyvinyl formal borate (PVF-B). 

The stability of the films towards water was determined 
by placing them in water at room temperature for 0, 30, 
and 100 min. (Water containing 3% borate was used for 
these tests with the PVA-B and PVF-B films, since they 
are susceptible to decomposition in pure water.) Other 
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samples of the films were heated at 110°C for 0, 30, and 

100 min. Graphs showing the transparency, k, and the 

degree of polarization, V, of the treated films plotted 

against wavelength of light are given for all material | 

and conditions. 

For water resistance, (PVA-B) ~ (PVF-B) > (PVF) > 
(PVA). 

For heat resistance, (PVA-B) > (PVF-B) > (PVA) > 
(PVF). 

The heat-resistant and water-resistant properties of the 

polarizing layers corresponds to those of the base ma. 

terials. 


The gelation of PVA by boric acid and its effects on the 
stability of the layer are discussed. 


A Theory of the Callier Q-Factor and Granularity 


Kazuo Sayanagi (Canon Camera Co., Shimo-maruko, 
Ohta-ku, Tokyo), pp. 20-24 


Starting from the assumptions of a Poisson distribution 
of developed silver grains on the emulsion surface and 
a finite transmittance by these grains (because of their 
filamentary structure), the author develops a theoretical 
relation between Q-factor and diffuse density. 

Curves computed on the basis of this relationship are 
shown, giving Q as a function of D*” for several values 
of grain transmittance. For D* < 0.4, these agree 
satisfactorily with measured curves of @ as a function 
of D* for several values of gamma. However, when 
D#> 0.4, although the computed curves indicate that 
Q should remain constant, the measured value of Q is 
found to diminish as D* increases. 

The discrepancy between theoretical and measured 
curves is ascribed by the author to: 

1. limited absorption of the support, 

2. limited transmittance of the grains, 

3. the fact that the transmittance of the layer is higher 
than expected because of overlapping grains and 
because of light which is reflected in the layer in- 
stead of being absorbed, and eventually finds its 
way through. 


Concerning the question of whether Q-factor may be 
used as a measure of granularity, the author states that 
when the grain size of two films is equal, Q may be used 
as a measure of granularity. However, when the grain 
sizes are not the same, Q is of no value in this respect. 


Correlations between the Spectral Sensitivity of Enlarging 
Papers and the Chromatic Corrections of Enlarging 
Lenses 


ZyuN Koana (Dept. Physics, Univ. Tokyo, Motohuzi- 
cho, Bunkyo-ku, Tokyo), pp. 25-33 


Ordinary chlorobromide enlarging papers show high 
spectral sensitivity in the short wavelength region where 
the ordinary enlarging lenses are not corrected, and the 
simple combination of lens and paper results in prints 
with insufficient sharpness. Three methods of improving 
the enlargements are suggested: (1) to extend the 
chromatic corrections of the enlarging lenses down to the 
near ultraviolet region (to 380 my); (2) to dye-sensitize 
the emulsion to longer wavelengths where the ordinary 
enlarging lenses show satisfactory performance and cut 
off the shorter wavelength radiation with suitable filters; 
or (3) to use “pure bromide” papers with ordinary en 
larging lenses in combination with a light yellow filter. 
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Wedge spectrograms are given for several Japanese 
chlorobromide and bromide papers, document papers, 
and some Kodak papers, and for some paper-filter com- 
binations. For papers without panchromatic sensitiz- 
ing, achromatic correction in the region 380-560 mu, 
is sufficient. A lense designed in collaboration with the 
Nippon Optical Co., El Nikkor 1:2.8, f 5 cm, used with 
a blue filter, is adequate for this purpose. Wedge spec- 
trograms also are given for ZnO Electrofax papers, un- 
sensitized and sensitized with fluorescein, eosin, rhodamin 
B, rose bengal, and methylene blue. The Fax Nikkor, 
1:5.6, f 18 cm lens designed by the author gives good 
results with Electrofax papers when used with Y1-Y3 or 
01 and 02 filters. 


Effects of Stabilizers on AgBr—Br— Systems 


YosHtmt KuwaBarRA (Konishiroku Photo Ind. Co., Ltd., 
Hinomachi, Tokyo), pp. 34—40 


Equations are given for the change in the silver po- 
tential (— AE) of AgBr-Br~ system upon the addition of 
a stabilizer, Z, when: (1) Z~ forms a slightly soluble 
salt; (2) AgZ is soluble; (3) a soluble complex forms; 
(4) the complex salt (AgZ)Br precipitates. Curves il- 
lustrating the change in potential with increase in 
amount of Z are plotted for the four cases. 

Experimental — AE values are given for 18 compounds 
(derivs. of 1,2,4-triazolo[2,3a]pyrimidine (TPM), ben- 
zimidazole, and triazole) tested at pH 7 and 9; the tabu- 
lated values (see orginal paper) are for the addition of 
1, 2, 7, and 12 cc of a solution of 0.01 M stabilizer to 55-60 
ec AgBr—-Br~ with a bromide ion concentration 0.001 M. 
The author compared the — AE with the photographic 
effect of the stabilizers and found a better correlation 
than he had previously found between the photographic 
effect and the potential of a silver electrode in a solution 
of the stabilizer. The 5-methyl-7-hydroxy, 5-ethyl-7- 
hydroxy, 5-methyl-6-ethyl-7-hydroxy, and 5-phenyl-7- 
hydroxy-derivatives of TPM were the best retarders of 
chemical ripening and their action was little dependent 
on pH or concentration; — AE was 1-3 mv. 5,6-Cyclo- 
pentano-7-hydroxy-TPM had a greater photographic 
effect and a higher value of — AE than the preceding four. 
In general, compounds having a high stabilizing power 
have a value of — AE equal to or above 0 at optimum 
concentration. 

Silver potentials in a KBr solution buffered at pH 7.0 
also were measured after the addition of silver nitrate 
and subsequently after the addition of 5-methyl-7- 
hydroxy-TPM (I). From these measurements, the E, 
values for Ag + Br- — AgBr + e were calculated. 
The presence of Compound I made the silver potential 
35 mv more noble. This result is contradictory to 
that previously obtained, but the discrepancy has not 
been explained. 

Better stabilizing of a neutral process emulsion was 
obtained when the stabilizing solution consisted of Com- 
pound I with the addition of KBr and AgNO; than when 
it consisted of I alone. The author suggests that the 
complex formed between I and silver acts, in a finely 
divided state, as an effective stabilizer. 


Photographic Science in Germany Fundamental 
Research Institutes 


Ketcut YAMADA, pp. 41-44 


A review. 
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Tekhnika Kino i Televideniya 
Vol. 4, July 1960 (in Russian) 
Résumé by S. C. Goddard 


A Study of the Change of Quality of a Photographic 
Image During Printing 


I. B. BLyuMBErG, T. M. ZyAzina, AND G. I. TEREGULOV, 
pp. 10-18 


A positive was obtained from an original negative with 
the insertion of two intermediate positives and two 
internegatives into the printing series. The quality of 
the image obtained at each stage was examined. With 
good contact during printing, the quality was inde- 
pendent of the use of diffuse or direct lighting. Poor 
contact was much more important when diffuse li hting 
was used than when the lighting was direct. Picture 
sharpness did not fall as much as resolution during the 
printing series. The graininess of a positive image ob- 
tained by printing was higher than the graininess of the 
negative if po. > 1.0 and less if y,., << 1.0. There isa 
connection between the change in graininess on printing 
and changes in resolution and sharpness. The greater 
the fall in resolution and sharpness the smaller the growth 
in graininess and vice versa. 


Uspekhi Nauchno! Fotografii, Akademiya Nauk 
S.S.S.R. 


Volume 6, 1959 (in Russian) 
Résumés by S. C. Goddard 


Some Problems in the Development of High-Speed Motion- 
Picture Cameras and Photochronographs with Mirror 
Scanning 


G. L. SHNIRMAN, pp. 93-101 


An analysis is made of the action of high-speed cam- 
eras with rotating mirrors. It is shown that increase in 
the length of the optical lever does not increase the time 
resolution but a shorter optical lever can give lower 
resolution in practice with a real opticalsystem. The time 
resolution is independent of the dimensions of the mirror, 
but depends on the rate of rotation, which in turn is 
determined by the shape and mechanical properties. 
The case in which a number of intermediate focusing 
lenses are used in front of the sensitive material is also 
discussed. A device for increasing the speed of rotation 
of the light lever consists of two inclined mirrors rotating 
on parallel axes in opposite directions, the light being 
subjected to multiple reflections in the wedge-shaped 
gap between them. A camera using this device has been 
used in the Institute of Chemical Physics of the Academy 
of Sciences of the U.S.S.R. The camera operates at a 
speed of 6,000,000 frames/sec with a frame diameter of 
12 mm, and up to 33,000,000 frames/sec with a diameter 
of 5mm. For recording a series of images of a rapidly 
occurring self-luminous event, a combination of a four- 
sided rotating mirror with a drum carrying photographic 
material is described. 


Some Problems in the Theory of Mirror Scanning 
A. S. DuBovik, pp. 102-12 
The mode of action of a number of rotating mirror 


systems is analyzed. The topics discussed are: mirror 
scanning in streak cameras and high-speed cine cameras; 
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a rotating mirror device to compensate for film move- 
ment; and multiple reflection systems of the type de- 
scribed by Shnirman (see preceding abstract). 


The Effective Time of a Light Flash 
L. A. VASIL’EV AND E. A. TARANTov, pp. 113-15 


The length of exposure of motion-picture cameras 
and the duration of the light flash for electronic flash 
sources are frequently cited in the literature, but are 
determined without taking into account the characteris- 
tics of the photographic tasks, and the criterion used, 1/e, 
does not correspond to the real duration of the flash. 
In order to take completely into account phenomena 
connected with the ultimate duration of the flash, it is 
necessary to know the shape of the impulse. A relation 
has been found between the effective duration of the 
illumination and the shape of the light impulse and 
properties of the photographic material, and a general 
formula expressing this relation has been derived. It is 
suggested that technical data applying to electronic flash 
sources and motion-picture cameras should show the 
shape of the light impulse and the effective duration 
of illumination for any one photographic material, for 
example, for film having a latitude equal to unity. 
(Translation of authors’ abstract) 


A Small Turbine Motor for High-Speed Streak Cameras 
S. N. Stporov, pp. 116-20 


On the basis of results from testing turbine motors, it 
is possible to recommend the construction of a small 
axial turbine motor for rotating a mirror with dimensions 
6 X 15 X 28 mm with a frequency of 240,000/min in 
photochronography or high-speed motion-picture cam- 
eras. (Translation of author’s abstract) 


Optical Accelerators and a New Design of High-Speed 
Motion-Picture Camera 


L. A. Samurov, pp. 121-30 


The accelerators described, intended for increasing 
the rate of angular rotation of a beam of light, consist 
essentially of a number of mirrors rotating on a common 
axis with a number of stationary mirror elements, cir- 
cular in form, grouped round the axis of the mirrors in 
such a way that multiple reflections are obtained. Such 
a system makes it possible to obtain a very high writing 
speed without approaching speeds of rotation of the 
mechanical parts dangerously close to destruction. A 
high-speed camera based on these principles has been 
designed. 


A Raster Method of High-Speed Cinematography 
O. F. GREBENNIKOV, pp. 144-51 


The principles of image dissection in high-speed 
photography by means of a line or point grid are out- 
lined. The advantages of a point grid are discussed. 
Since 1954 a study has been made of the possibilities of 
using a point grid, consisting of a glass plate with an 
array of embossed spherical lenses, together with a 
system of rotating mirrors and a moving film. The 
necessary characteristics of such a camera required to 
give the maximum information content are analysed 
in relation to the resolving power of the optical system 
and photographic material. 
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Methods of Practical Preparation of Optical Grids for 
High-Speed Photography 
L. V. AKIMAKINA, pp. 152-54 


Optical grids for decomposing an image into elements 
are required for a number of purposes, including high. 
speed cinematography and stereophotography. They 
may be made by mechanical methods involving casting 
or stamping from a metal matrix, or by photomechanical 
methods. A number of methods are briefly outlined. 
This paper is only a summary of the original lecture. 


Attenuation of the Latent-Image Fading in 
Gamma-Ray Photography 


YOSHITADA TOMODA AND Masami Kawasaki (Govt. 
Chem. Ind. Research Inst., Tokyo, Hiratsuka-shi, 
Kanagawa Pref.). J. Chem. Soc. Japan, 62: 383-85 
(1959) (in Japanese) 


Various treatments of a commercial x-ray film were 
studied for the purpose of decreasing the fading of the 
latent image formed by y-rays emitted from the radio- 
isotope Co-60. Fading of the latent image was reduced 
in experiments in which film strips were immersed in a 
gelatin solution or in a polyvinyl alcohol solution and 
dried quickly to form a thin layer of high molecular 
weight substance on the surface of the emulsion. In 
the original emulsion, about 70% of the latent image 
disappeared in 20 days in an atmosphere of 68.6% RH 
at 30°C, but only 25% of the latent image faded in the 
emulsion coated with PVA and stored under the same 
conditions. 

The latent image can be stabilized by treating the 
emulsion with solutions of silver nitrate, silver tungstate, 
or thallium nitrate before exposure to y-rays. The thal- 
lium treatment also can increase the y-ray sensitivity of 
the emulsion. (Abstract supplied by authors.) 


Developability of Photographic Latent Image 
Formed by Gamma-Ray Exposure 
Yosuitapa Tomopa (Govt. Chem. Ind. Research Inst., 


Tokyo, Hiratsuka-shi, Kanagawa Pref.), J. Chem. 
Soc. Japan, 63: 559-62 (1960) (in Japanese) 


The rate of development of motion picture positive 
emulsion exposed to y-rays from a Co-60 source was 
studied. From experiments with an energetic Metol- 
hydroquinone developer, it appears that the rate of de- 
velopment of latent image produced by y-rays is smaller 
than that of latent image produced by normal light ex- 
posure. This phenomenon can be explained on the same 
basis as the Cabannes-Hoffman effect which concerns 
the dependence of the rate of development upon the 
intensity of the light exposure. For internal develop- 
ment, on the other hand, no difference in characteristics 
was observed between development of latent image 
formed by y-ray exposure and that formed by light ex- 

. This suggests the importance of the rate of 
solution of silver halide grains during internal image 
development. Temperature coefficient measurements of 
the rate of development indicates that the activation 
energy of surface development is independent of the type 
of exposure, such as y-ray or light, and varies primarily 
with developer composition. (Abstract supplied by 
author.) 
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¢ New Products and Developments 


FRANK SMITH 


e Cameras and Accessories 
NBS High-Resolution Camera 


A research camera capable of projecting a parallel line 
pattern of 50,000 lines/in. has been developed at the 
National Bureau of Standards, Washington, D.C. The 
camera, designed by S. C. McCamy of the Bureau’s 
Photographic Research Laboratory, is a step toward the 
development of a standard method for determining 
the resolving power of photographic materials. 

To insure that any limitations revealed by the test 
are those of the photographic materials and not of the 
test equipment, the camera must be able to produce a 
line pattern much finer than can be resolved by the 
emulsion being tested. To test the camera’s full ca- 
pabilities, it was necessary to use extremely high-resolu- 
tion spectrographic plates. 

The camera’s optical system is essentially a fine 
apochromatic microscope system operated in reverse to 
make an extremely small image of a large chart. Ob- 
jectives in use are an 8mm lens having a numerical 
aperture of 0.65 and a 16mm lens having a numerical 
aperture of 0.30. For this application the elements of 
the objectives were respaced and the interiors of the 
lens mounts were specially blackened to minimize re- 
flections. 

At the present time, there is no standard method for 
measuring resolution. The Bureau’s work is part of 
efforts by a committee of the American Standards 
Association to establish such a standard. Five labora- 
tories in the United States and Canada are determining 
the factors which must be specified in order that all 
resolution tests on the same film or plate will yield the 
same result. 


e Optics 


Zoomar Telephoto Lens 


Zoomar, Inc., Glen Cove, N.Y., has announced the 20- 
in. {/4 Zoomar Reflectar Telephoto Lens, which is 
apochromatically corrected, has an internal focusing 
device, and is adaptable to all types of motion-picture 
and television cameras. All lens elements are anti- 
reflection coated. The resolving power using Kodak 
Plus-X film is 50 lines/mm. 

Distance from front to film plane is 14 in., outside 
diameter is 6'/, in., weight is approximately 7 lb, and 
closest focusing distance is 500 ft. A filter frame or 
filter wheel is available as optional equipment, as are 
adapters for most motion-picture and television cameras. 
Also available are an azimuth elevation platform, a 
_— printer, and the Trulex Automatic Exposure 

eter. 


Although the information contained in this section is compiled from 
sources believed to be reliable, the author cannot assume responsibility 
for its accuracy. Publication of the information here is not to be con- 
strued as an endorsement or recommendation of the product or equip- 
ment described. 


Fostoria Plastic Lenses 


Plano-convex plastic lenses up to 18 in. in diameter 
and 5-in. center thickness have been introduced by 
Fostoria Corp., Huntingdon Valley, Pa. The plastic 
lenses cost about a fifth to a tenth as much as glass 
lenses, and weigh approximately half as much. 

The plastic lenses are free of striations, bubbles, and 
other distortions, and are insensitive to thermal and 
mechanical shock. They transmit up to 7% more light 
than glass lenses and are therefore suitable for use in 
optical systems where clear, bright images are required. 


e Printers and Enlargers 


LogEtronics Rectifying Enlarger 


An automatic dodging cathode-ray tube light source 
has been combined with an autofocus rectifying enlarger 
for use in printing aerial photographs, through -a joint 
effort of Bausch and Lomb, Inc., Rochester, N.Y., and 
LogEtronics, Inc., Alexandria, Va. The first such unit 
was built under Navy sponsorship and has been placed 
in operation at the Naval Photographic Interpretation 
Center, Suitland, Md. 

Despite large variations in the density scale of nega- 
tives, angles of tilt, and magnification, the enlarger pro- 
duces consistently uniform prints, on an automatic basis. 
The Autofocus Rectifier has a magnification range of 
0.7 to 3.3 times, and 20° tilt when rectifying negatives 
from a 6-in. focal-length camera. 


e Processing 


Rapid Processing Apparatus Using High-Viscosity 
Developer 


U.S. Patent No. 2,948,209, entitled: ‘Photographic 
Processing Apparatus,” dated August 9, 1960, has been 
issued to Joel Neidle and Joseph V. McCarthy and as- 
signed to Fairchild Camera and Instrument Corp. 

The invention covers a solution applicator including 
a means for holding a moving film or sheet of photo- 
graphic material in a precise location while applying 
thereto a metered, uniformly thin, layer of a viscous 
developer solution. 

Provided are: means for mounting the applicator 
in or on a camera or associated processing equipment; 
means for receiving a supply of solution under pressure; 
an apertured surface over which the film passes and en- 
gages the solution which is under pressure in the aper- 
ture; and a guide through which the film passes while 
one side is held in contact with the solution. 

The film is held in position over the aperture by a 
close-fitting cover which also serves as a lateral guide 
member to hold the film in precise alignment. At the 
forward end of the aperture, the surface over which 
the film passes has a recess which is cut out a very small 
amount to provide a metering means which shears off 
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the excess solution, leaving on the film a uniform layer 
of desired thickness, as determined by the depth of the 
recess. The solution applicator is particularly suitable 
for use with monobaths which contain a thickener such 
as carboxy methylcellulose and have a relatively high 
viscosity. (The device can be used in the rapid processing 
of films over a wide range of temperatures and pressures, 
such as are encountered in aerial photography. The 
applicator not only applies the coating in a uniformly 
metered layer, but prevents undue spillage or leakage 
loss in the equipment under variable conditions of opera- 
tion. 

The processed film with its coating of spent viscous 
solution, after leaving the applicator, is brought into con- 
tact with another film, such as a clear film of Saran, to 
protect it, as described in the patent application of 
Berthold Pallick and Seymour Schreck, Serial No. 
765,219, filed Oct. 3, 1958, or a positive-forming sheet 
as described in the patent application of Charles N. 
Edwards and Walter W. Ryne, Serial No. 765,232, filed 
Oct. 3, 1958. 


Agitation of Photographic Processing Solutions by Ultra- 
sonic Waves 


U.S. Patent 2,945,760, entitled ‘Photographic Proc- 
essing Method,” dated July 19, 1960, has been issued 
to Martin P. Ostergaard, Jr., and assigned to Gulton 
Industries. In the process, the exposed film is placed 
in the processing solution which is subjected to alternat- 
ing cycles of agitation and quiescence, the agitation being 
accomplished by means of ultrasonic waves having a 
frequency of the order of 41 kc, and being carried on for 
approximately five seconds each minute the material is 
immersed. Although the ultrasonic agitation may be 
accomplished by placing the transducer in the solution 
itself, it was found to be preferable to mount the trans- 
ducer on the outside of the solution tank, preferably at 
the bottom. Otherwise, that portion of the solution which 
is in range of the main lobe of the transducer will not 
be properly treated, and the solution temperature will 
not be as uniform. 


@ Reproduction and Copying 


Raytheon Electrostatic Printer Tube 


An electrostatic printer tube that can translate elec- 
tronic signals into printed words and pictures on paper 
has been introduced by Raytheon Co., Industrial Com- 
ponents Division, 55 Chapel St., Newton, Mass. The 
tube resembles a flattened cathode-ray picture tube with 
wires 0.001 in. thick and spaced 250/in., extending brush- 
like through its face. The varying beam current inside 
the tube passes through the wire “brush,” depositing 
electrostatic charges on the paper as it passes against 
the tube. 

The tube can print 20,000 characters/sec or more 
than 10,000 lines of computer-output information per 
minute. Applications include high-speed printing of 
photographs transmitted over telephone and telegraph 
lines or radio channels. Up to three 8'/,; by 11-in. 
sheets can be printed every seccnd. 

The tube is available with 3-in. or 10-in. matrices. 
The 3-in. matrix is designed for label and short copy 
printing, while the 10-in. matrix can print full-page 
sheets. 


SMITH 
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® Miscellaneous 


Ultrasonic Splicing Method for Polyester Film 


A method of joining polyester sheet, film, or tape, 
which uses ultrasonic energy to generate heat locally, 
has been developed by International Ultrasonics, Ine, 
1697 Elizabeth Ave., Rahway, N.J. A joint as strong 
and permanent as the polyester material itself is formed 
without any increase in thickness. Coatings or emulsiong 
need not be removed to make the joint, and no adhesive 
or special coating is required. Ends to be joined need 
not be scraped or tapered to prevent a thickness bulgg 
at the joint. The process is applicable to polyester ma 
terials such as Mylar in packaging film, and audio, 
video, and computer tape. 

Joining is accomplished by high-frequency mechanical} 
vibration which apparently creates heat at the joint 
interface to form a bond. Since heat is created only at 
the interface, there are no adverse heat effects on the 
polyester material. The ultrasonic vibration is produced 
by a special vibrating head in contact with the ends t¢ 
be joined. The head is driven by a selftuning power 
supply and ultrasonic generator unit. 


Recording Material for X-Ray Microscopy 


Dr. Saara Asunmaa, Research Associate in the Bio 
physics Laboratory of Stanford University, Stanford, 
Calif., has made an x-ray microscope “‘film”’ suitable for 
enlargement in an electron microscope. By recording 
x-ray images on the film and enlarging them in the 
electron microscope, she gets x-ray microscope pictures 
about four times sharper than with other methods. 

A film of cellulose nitrate less than 1000 A thick, com 
taining a silver compound, is cast on a glass plate. The 
film is placed in an x-ray contact microscope with thé 
specimen to be examined, and after exposure the film 
is treated with a solution of alcohol and sodium cyanide, 
This dissolves the radiochemical compounds which havé 
been formed, leaving an image of the specimen to be 
examined with an electron microscope. Detail in the 
x-ray film at least as small as 600 A can be seen in the 
electron micrograph. 

Dr. Asunmaa’s method takes advantage of the x-ray 
microscope’s variable penetrating power and the electron 
microscope’s high resolving power. Electron or light 
microscopes see only the surface or at most a very thial 
surface layer of an opaque object. Soft radiation from 
the x-ray microscope, on the other hand, looks through 
a much greater depth and lets the investigator determing 
the object’s inner structure and mass. 

Biological specimens can be studied in air, rather than 
being subjected to the damaging effects of vacuum) 
electron bombardment, or chemical stains needed with 
other methods. 


Traid Splicer for 70mm Film 


Traid Corp., Encino, Calif., has announced the Model 
170 precision portable professional-type splicer for 
70mm motion-picture film. The splicer has therme 
statically-heated cutter blades of hardened chrome steel, 
a removable scraper block, and full-fitting pilot pins. If 
makes splices 0.080 in. wide between perforations. Thé 
splicer weighs 15 lb and requires 115 v ac for operation. 

Models are available for 70mm film with ASA Typef 
or Type II perforations and for 55mm or 65mm films. 
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